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A NEW ‘JOB" 
MEANS A NEW 
LOCAL INDUSTR 


WEEN building a pressure pipe line, we usually set up a 

manufacturing plant at or near the site of the work, and 
there we make the pipe. We use local labor and local materi- 
als as far as practicable. Thus the building of a Lock Joint 
Pressure Pipe Line results in the setting up of a new local in- 
dustry, and the spending of the major part of the costs of the 
project in the very community which is paying for it. 


Lock Joint Pipe Co., Ampere, N. J. 
Est. 1905 
Reinforced Concrete 
abaqueous 
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THE RAINFALL OF NEW ENGLAND. 
GENERAL STATEMENT. 


BY CHARLES F. BROOKS.* 
[Received December 1, 1929.] 


New England’s position, where the tracks of storms converge at all 
seasons, and its proximity to the abundant supply of vapor over the Gulf 
Stream make this region one of good precipitation well distributed through 
the year. Its generally subdued topography permits but few marked con- 
trasts in short distances. Differences in the amounts of rainfall resulting 
from the varying exposures to the winds that bring the rains and snows, are 
particularly noticeable in the White and Green Mountain regions. 

In the cold season, there is moderate, though frequent, precipitation 
in lows passing a short distance north of New England, and abundant falls 
of rain and snow that attend storms brushing the coast or coming in from 
the sea. Thus the January average rainfall map shows precipitation from 
two inches in the north and northwest to three, four and locally even five 
inches near the coast. The January maxima have been double these 
amounts. 

The heaviest rainfall occurs in southern Rhode Island where south 
winds, sweeping in from the open sea, are forced upward both by the hilly 
country, rising to over 500 ft. a short distance inland, and by the margin of 
the wintertime layer of cold air over central and northern New England. 
This wetter area is in contrast with the drier Cape Cod area, where both 
elevation and accumulated cold air are lacking. The January maximum 
map emphasizes the general feature of wetter coasts, and shows extended 
areas where over 10 in. have been measured in January. The March maxi- 
mum map indicates the occasional extreme predominance of coastal storms 
in the rainfall distribution, with over 14 in. on the coast of Maine. The 
rainfall of 4 to 9 or more in. generally over the New England states, except 
Maine, during the storm of November 3-4, 1927, also demonstrates the 
exceeding wetness of storms from the ocean and the markedly accentuating 
effect of highlands when acting in conjunction with the circulation in a 
low-pressure trough. 

The rainfall of spring shows a reduction along the coasts, where storms 

* Professor of Meteorology and Climatology, Clark University, Worcester, Mass. 
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are becoming less frequent, and an increase in the interior, where winter cold 
is giving way to the moderate temperatures of spring with the consequent 
greater amounts of vapor in the air available for precipitation. Rainfall 
in the interior in the spring comes both in general storms and in showers, 
thus providing an amount of precipitation greater than the winter. 

The summer rainfall, while still cyclonic in large measure, is much 
more convectional in type. That is, when the weak lows of summer are 
passing, their general conditions favor local showers and thunderstorms, 
which bring rainfall chiefly to the interior, and especially on the White 
Mountains. Coastal storms seldom occur. Furthermore, the cool waters 
along the coast hinder the development of heat thunderstorms. Therefore, 
the interior has more rainfall than the coast. The average iz July, for 
example, is generally four to over five inches in the interior, and from under 
four to less than three inches on the coast, Mount Washington being wettest, 
and Cape Cod, Nantucket and Martha’s Vineyard, driest. Some summers 
are extraordinarily wet, when frequent or lingering low-pressure areas pass 
over New England. Others may be very dry, but even in the driest sum- 
mers, like that of 1929, appreciable rain falls throughout New England. 

The rainfall of autumn is heavy, like that of winter, along the coast of 
Maine, though still much like the summer values in the south. The interior 
is still somewhat wet, as in summer, and decidedly more rainy than in 
winter. A feature of the autumn rainfall of New England is the occurrence 
of exceptionally heavy rains which attend storms in part, at least, of tropical 
origin. Though most of the days are dry, rainstorms of one to five inches 
or more occur. In addition to those of the more or less tropical origin there 
are, of course, the lighter rains that attend storms of the northern type, 
which at this season of the year are more numerous and more intense than 
in summer. 

The heavy storms of winter, the storms and showers of spring, the 
summer thunderstorms and occasional general storms, and the autumn rains 
of tropical or mid-latitude origin provide a fairly uniform seasonal distribu- 
tion for all New England. There is, however, a distinct summer maximum 
and winter minimum well in the interior and a winter maximum and summer 
minimum on the coast. The summer maximum is due to the strong develop~ 
ment of summer showers in the interior and the winter maximum to the 
frequency with which storms affect the coasts. In the belt between the 
coast and interior the rainfall is nearly the same in all months. 

The total annual amounts of precipitation are generally between 40 
and 45 in. The rainfalls are heavier near the coast and on the highlands of 
the interior, and lighter on the lowlands some miles from the coast, particu- 
larly in the valleys of the interior. Near the coast there is greater rainfall, 
not only because of the relative frequency of coastal storms, but also be- 
cause the ocean winds that strike the shore are hindered by the land and, 
therefore, forced to ascend and become cool over the coastal belt. This 
forced ascent yields its maximum rainfall some twenty miles inland, except 
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where coastal hilly regions concentrate the ascent nearer the shore. Thus, 
while the immediate shore has in general from 40 to 45 in., there are rainfalls 
from 45 to 50 in. some twenty miles inland. Fifty miles inland comes a belt 
of lower precipitation, 35 to 40 in., except where highlands serve to continue 
the ascent of winds from the ocean and, therefore, to keep the rainfall 
amounts equal to those of the coastal belt of heavier rains. Farther inland 
still, the convectional summer rains, augmented on hills and mountains by 
the upslope winds of the daytime, are chiefly responsible for another belt of 
higher rainfall 40 to 50 or more in., the greatest known being the 82 in. on 
the top of Mount Washington; and it is not improbable that the actual pre- 
cipitation there is still greater, for the winter precipitation, mostly snow, is 
so drifted by wind that it is impossible to find a place where the snow falls 
undisturbed by the wind on this extremely windy mountain top. The 
slopes may be swept bare or covered deep with snow.* 

In contrast to the exceptional amounts that fall on the mountains, 
pronounced interior lowlands, like those of the upper Connecticut and upper 
Androscoggin, must get along with 35 in. or less. The lowest rainfalls occur 
in northeastern Maine (Houlton, 29.1 in.), some distance inland and with 
cold waters where the ocean is nearest, and the Lake Champlain lowland 
(Fitzdale, 30.3 in.), in the rain shadow of both the Green Mountains and 
the Adirondacks and with the summertime reducing effect of the cool lake. 
The absolute maxima of rainfall in any year are generally a third again as 
great as the averages, while the minima are about a third less. The highest 
maxima of annual rainfall are 72 in. in southwestern Rhode Island and 121 
in. on the summit of Mount Washington; the lowest minima are 18 in. about 
Lake Champlain and 16 in. in northeastern Maine. 

The snowfall of New England averages more than 100 in. in northern 
Vermont, New Hampshire and Maine, and also in the southern Green 
Mountains, and less than 30 in. in the outer portion of Cape Cod and on 
Block Island. The highest average, 156 in. a year, at Pittsburgh, New 
Hampshire, in the extreme north of the state, is largely ascribable to the 
exposure to ascending snow-flurry winds off the open country of Quebec. 
The extreme amounts in any season for New England range from less than 
10 to about 50 to 70 in. in the extreme southeast and from something over 
50 to more than 130 in. in the snowier regions of the north and in the 
mountains. . 

A detailed discussion of the snowfall of New England by Charles F. 
Brooks was published in the Monthly Weather Review,t June, 1917. A some- 
what briefer treatment was presented in the Geographical Review,t March, 
1917. 

The following summary of New England snowfall is quoted from the 
Monthly Weather Review, page 285. 


n, Bulletin of the American Meteorological Society, February, 1929, Vol. 10, pp. 29-30. 
{Vol pp. Dp. 281-285, 30 figs. 
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Air temperature is probably the first factor in determining snowfall. 
The latitude and altitude differences in temperature cause the heaviest 

snowfall so far as controlled by temperature to be in the north and on the 

highlands. Similarly, the most snow tends to come in the coldest month, 

except in the north in winters colder than usual. Although January is as 

cold as February, the snow-bearing winds of February are the colder and so 

the snowier. The warmth of the coast is less favorable for snowfall than the 

coldness of the interior. 

Without precipitation, however, there can be no snowfall. Precipita- 
tion is greatest on highlands near or facing bodies of water and near the 
paths of cyclone centers. The seasonal variations are small in amount. 

Wind direction during precipitation is the third important factor con- 
trolling snowfall. Windward slopes of mountains and leeward shores tend 
to have the most precipitation. Combine the effects of these three factors, 
and the distribution of snowfall in New England may be explained. The 
highlands are the snowiest; for they are cold, moist, and windy. Particu- 
larly snowy are those slopes which are openly exposed to easterly or north- 
easterly winds or, as in the north, to the westerly winds from the Great 
Lakes. The intermontane valleys have less snowfall because of the higher 
temperature, less precipitation, and less exposure. In the coastal region 
there is plenty of precipitation, and open exposure, for the most part, so 
that the snowfall depends chiefly on the temperatures. Thus in early 
winter the snowfall is less than in ‘ate winter; in early winter the snowfall 
on the immediate coast is less than that inland, allowing for topographic 
influences; and in late winter the snowfall of the coast is the heavier. As 
New England is the focus of most of the cyclones which cross the United 
States or come up the east coast, there are chances for wide variations in 
their paths. On this account all parts of New England are crossed by 
numerous cyclones. As the strongest ones, however, pass south of New. 
England or cross its southeastern portion, this section from time to time 
experiences extraordinary snowstorms, a great characteristic of the climate 


of New England. 


The study of New England rainfall which follows is a result of the co- 
operation of the Massachusetts Department of Public Health, Mr. X. H. 
Goodnough, Chief Engineer, the United States Weather Bureau Office at 
Boston, Mr. G. A. Loveland, Section Director, and Clark University Gradu- 
' ate School of Geography, Dr. W. W. Atwood, Director. The Massachusetts 
Department of Public Health and the U. 8. Weather Bureau supplied prac- 
tically all the data for the study of the average distribution of rainfall. 
Mr. J. Henry Weber and Dr. Gragg Richards effected the reductions and 
wrote the discussions under the general direction of Dr. Charles F. Brooks, 
of Clark University. Weber compiled, averaged and adjusted most of the 
data and prepared the maps and detailed discussions for the annual and 
seasonal rainfalls of New England as a whole and for the monthly rainfall 
of southern New England; Richards reduced, mapped and discussed 
- northern New England; Goodnough, with the assistance of Mr. George V. 
White, prepared the new tables of New England rainfall and the discussions 
of the specially heavy rain storms, particularlythat of November 3-4, 1927, 
while Weber and Brooks discussed the meteorological conditions which 
produced the excessive rainfall of November, 1927. 
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Since these several studies were first prepared, Dr. John W. Gold- 
thwait, State Geologist of New Hampshire, initiated in 1928, a novel cam- 
paign of rainfall measurements at upwards of eighty stations in his state. 
While two years are insufficient for many general conclusions the data al- 
ready gathered bring out many significant facts, emphasizing not only the 
heavier rainfalls of the mountain regions but also the marked differences 
between the exposed and sheltered slopes. Details of the New Hampshire 
observations have been appearing in a mimeographed bulletin and in New 
Hampshire Highways, while a summary of the 1928 season was published in 
the Bulletin of the American Meteorological Sociely* in February, 1929. 


*Vol. 10, pp. 31-32. 
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THE RAINFALL OF NEW ENGLAND. 
HISTORICAL STATEMENT. 


BY J. HENRY WEBER.* 
[Received December 1, 1929.] 


Our first account of rainfall in eastern Massachusetts dates back to 
1623, three years after the landing of the Pilgrims. A dry spell began in 
the third week in May and lasted until the middle of July, and its severity 
was well-nigh destructive to the hopes and plans of the infant colony. 
Little rain fell for six weeks, and the weather all the while was exceedingly 
hot. The corn began to wither, and the highlands became parched. After 
this experience, it is probable that what would now be called a severe 
drought did not occur for several years. The hardest trials of the early 
English settlers appeared in other shapes. Not until 1630 do we find it 
noticed that “the summer is a good deal hotter than in old England”; 
while from the fact that, in 1634, it is recorded that ‘‘the summer is hotter 
than many before,”’ we may infer that no great suffering had occurred from 
droughts up to that time. 

Several of the preceding summers, on the contrary, had been exceed- 
ingly wet and cold, like that of 1632, causing ‘“‘great store of mosquitoes 
and rattlesnakes,” while the worms made extensive ravages on the corn. 

The next drought of any severity was in 1639, when little or no rain 
fell from the 26th of April till the 10th of June. There was a very general 
alarm. ‘‘The corn began to wither, and great fear there was it would all 
be lost.” A fast being appointed on account of the drought, “‘the very day 
after there fell a good shower.”’ The other years in which droughts occurred, 
previous to 1650, were 1644, 1647 and 1648, that of 1647 causing great 
scarcity of provisions. But during this time, more than one winter was 
remarkable for its severity. In 1641-1642, “‘Boston Bay was a bridge of ice 
as far as the eye could see, and the Indians asserted that such a winter had 
not been known in forty years.” Men, oxen, horses and carts passed over 
the ice with perfect safety for five weeks together. The winters of 1630, 
1632 and 1639, also, are mentioned as very sharp and “terrible cold”; 
but it is probable that they were so only as contrasted with those of Eng- 
land, or on account of lack of sufficient protection against their rigor. In 
1645, the winter was said to be ‘‘the earliest and sharpest since we arrived 
in the country.” 

In the next ten years no considerable drought occurred, but the severe 
winter of 1644 is worthy of note. As early as the 16th of December, the 
cold was of sufficient intensity to freeze over Boston Bay, so “‘that in a very 


*Clark University, Worcester, Mass. 
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few days it was firm to pass betwixt the town and Long Island, and so con- 
tinued about a month.” The harbor was again frozen over in 1659. 

Then came in 1662, early in the season, a very great drought, ‘‘inso- 
much that the grass and corn was so scorched there was little likelihood of 
any harvest.”” This continued till the 12th of June. The next dry summer 
was in 1666, when most of the grain was scorched, and the Indian corn 
eaten by worms. The spring of 1669 was so dry that ‘‘the ground in some 
places began to chop.” This was followed in 1670 by another dry summer. 

June 14, 1672, was kept as a day of humiliation in all churches because 
of the great drought; ‘‘and the Lord heard prayer, and in hay time much 
hay was lost by an over much rain.” In the following year (1673), the 
months of March and April being very cold, many cattle died in all parts 
of the country for want of hay. 

In 1675, there was some complaint of want of rain; and in 1681, “‘in 
June, July and August, was a great drought throughout the country, to the 
great loss in corn and grasses, valued at many thousands pounds.” The 
summer of 1685 was also dry though not enough to do any great injury to 
the crops. In August, 1686, Increase Mather writes: ‘“‘A great drought; 
swamps on fire in many parts of the country; could not be quenched. The 
fire burnt under ground in some places six feet.”” This drought began early 
in summer, and continued through June, and till the 18th of July, after 
which it appeared again. The drought was called ‘‘great and terrible.” 
There were also severe droughts in July, 1692, and in July and part of 
August, 1693. The cold winter of 1697, resembling that of 1641, preceded 
a summer marked by ‘‘a sore and long-continued drought” in July and 
August. 

Thus we have passed over a period of eighty years of the 17th century. 
The years remarkable for droughts were 1623, 1639, 1644, 1647, 1662, 1664, 
1666, 1670, 1681, 1686, 1692, 1693 and 1697, in all fifteen, though a few 
other seasons, like 1648, were marked by dry weather. This is a smaller 
proportion than will be found in subsequent years, and the difference may 
be explained by the fact that the settlers at first had no means of observing 
accurately, and it is possible that there were more droughts than the num- 
ber of which we have record, and that, on account of the small portion of 
the country under cultivation, comparatively little harm arose from an 
ordinary drought, especially as the settlers relied very much upon the salt 
marshes and the wet meadows for hay. 

In the year 1714, there was a drought of unusual severity. The dis- 
tinct recollection of it survived many years after. In 1748, we find it re- 
ferred to as the Great Drought, with which the one of that year is to be 
compared; and it is known that the following spring, 1715, was one of very 
great suffering, on account of the scarcity of provisions. 

Starting in 1720, we have somewhat more reliable statistics, in the 
diary of the Reverend Thomas Smith, of Portland, the journals of Dr. 
Holyoke and Dr. Prince, of Salem, Professor Farrar, of Cambridge, and 
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many other sources. From Smith we learn that, in 1722, there was in July 
‘“‘an exceeding dry time as ever was.” In 1724, he said, July 23, “great 
drought; every thing burnt up.” This drought continued a long time and 
was very general in the vicinity of Boston. 

The year 1737, was marked by its excessive dryness. During the 
summer of this year there was a great scarcity of corn, and many went 
about begging their neighbors to sell them a quart at any price, to keep 
them from starvation. In 1738, too, there was a drought in some sections 
of the country, ‘“‘in such a manner as the like was never known.” 

The following spring (1739) was also very dry; there was scarcely any 
rain fora month. Here we find another series of three years of drought. 

With the exception of a slight drought in the fall of 1743, we have no 
complaints of drought until the summer of 1746, when a rather severe dry 
spell prevailed from the middle of June until the latter part of August. 
“‘Plentiful showers,” however, relieved the situation on the 24th of the 
month. 

During the autumn of the next year (1747) there was no water in the 
streams for grinding, on account of the dry weather; and in 1748 (to show 
another series of droughts), all accounts concur in saying that the drought 
was unparalleled in the history of the country, except in 1714. The farmers 
long remembered the drought of 1748, and from all accounts it seemed to 
have been as severe as the great drought in 1714. Men were obliged, in 
many instances, to kill their cattle for the want of food. The suffering 
during the winter was intense, and scarcely had the spring opened when 
(April, 1749) an awful drought commenced and drove the farmers almost 
to despair. At Boston it was recorded, July 4, “‘never more distressing time 
for pasture; only one-tenth of a crop of hay.” July 18, ‘Extreme hot dry 
weather, such as had not been known in the memory of man — so scorching 
that the creatures can but just live for the want of grass.” July 24, “thanks- 
giving for seasonable and refreshing rains.’”’ This summer was followed by 
such a severe winter, that it was difficult to keep cattle alive, and many were 
left to take care of themselves by browsing in the woods. Hay was im- 
ported from England. 

Dry weather began again in July, 1752, and according to Smith’s diary 
seems to have been long continued. Professor John Winthrop’s rainfall 
observations kept at Cambridge, Mass., give the rainfall for August that 
year as 0.87 in. and that for September, 1.33 in. 

In 1754, Smith said, July 1, “‘I have no grass growing on my mowing 
ground, and there is no feed on the Neck; the reasons are, the open winter, 
three weeks drought and the grasshoppers.’ According to further entries 
in his diary, the dry spell continued until October 24 when ‘“‘a great storm 
filled the earth with water.’’ The rainfall at Cambridge for July was above 
normal, but August and September were dry, the amount recorded in the 


latter month being about 0.35 in. 


Three years later, 1757, Boston and vicinity experienced a rather severe 


‘ 


WEBER. 9 


drought during May and June. The rainfall at Cambridge for May and 
June that year was 0.89 and 1.01 in. respectively. 

The next three years were wet and cold, but fruitful. The spring of 
1758, was so backward that people did not generally begin to plant till the 
end of May, and the corn spoiled by dampness. In 1760, it was said, on 
June 26, ‘‘there has been but twenty-four hours of hot weather this year.” 

The drought of 1761 is said by Smith to have been as severe as that of 
1749. Very little rain fell from the last of May to the 19th of August when 
a “storm of rain” relieved the situation. Less than 5 in. of rain fell at 
Cambridge from June through August and it is probable that most of the 
2.49 in. recorded in August, fell on and after the 19th; this would put the 
rainfall for this eleven-week period at approximately 2.5 in. 

This year would doubtless have been long remembered and referred to, 
as one of the most distressing in the history of farming but for the terrible 
drought of the next year (1762), which exceeded everything of the kind 
known in the country. This drought deserves a passing notice. 

The winter of 1761-1762, had been long and dreary, and the snow, 
which began to fall as early as the 3rd of December, constantly accumulated 
till it was more than five feet in depth on the level. It was a time of deep 
distress for the poor everywhere. The drought of the previous summer had 
greatly diminished the supplies of hay, and farmers had depended on getting 
through the winter by browsing their cattle in the woods. This hope was 
now cut off by the deep snow. Passing from town to town was out of the 
question; indeed there was no communication between parts of the same 
town; and this difficulty continued far into the month of March. Some 
huge mountains of snow lingered even till the 28th of April. The spring, 
therefore, was very backward; and this added much to the sufferings of the 
people, already, it would seem, very great. Nor did the distresses of this 
memorable year end here. The plowing could not be done in season in the 
spring, partly on account of the loss of oxen and horses in the winter, partly 
because of want of hay, which made the few animals which were left almost 
unfit for work, and partly on account of the lateness of the spring, which 
crowded all the labors of the farm into a very short time. When at last the 
corn was planted, millions of worms appeared to eat it up, and the ground 
must be planted again and again. Thus many fields were utterly ruined. It 
was time now, in the month of May, for the drought to take its turn in the 
work of the destruction, and it set in with terrible severity, even before 
there had been rain enough to settle the ground after the frost. The grass 
dried up almost as soon as it came out of the earth. In many instances 
people were obliged to gather what little crops they had in June; and they 
had so little grass that hay sold for one hundred and twenty pounds a ton. 
Now fires raged with quenchless fury, spreading fear and dismay in their 
course, and destroying property to a vast amount. Fields were laid waste, 
barns and mills were swept away, and families were driven from their houses. 
As early as the 5th of July there began to be fear of an absolute famine. 
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There was no considerable rain till the 18th of August, when a plentiful rain 
remarkably renewed the face of nature. The rainfall at Cambridge from 
April to September, inclusive, was but 9.88 in.; this is nearly 11.4 in. below 
a 81-year normal for Cambridge and but 47 per cent. of the normal for 
these six months. Following is the record of rainfall in inches for these six 
months, at Cambridge: 


April 1.47 July 1.76 Total for six months, 9.88 
ay 2.13 Aug. 2.74 Normal for six months, 21.27 


June 0.89 Sept. 0.89 


It is probable that the rainfall on the Cape was even less, since the 
normal rainfall for these six months there is less than that of Cambridge. 

The succeeding winter was also very trying. Our journalist describes 
it as being as ‘‘severe as any we have had”’; that there was “‘scarce a bushel 
of corn in the whole eastern country”’; “‘that hay was scarce and sold at one 
hundred twenty pounds a ton.”’ But although the following summer was 
very wet, yet we are told that everything was “very plentiful except 
money.” Smith’s diary has numerous references to the cold wet conditions 
during July and August. 

Very dry times occurred again in August, 1764, April and August, 
1765, July, 1767 and in July and August, 1770. In 1772, we find com- 
plaints of drought in the vicinity of Boston. In July pastures were all 
dried up; there was but very little corn, and all kinds of grain suffered very 
much. July, 1773, was also very dry, and in 1774, there was little or no 
rain from the 7th of July to the 17th of August. The pastures looked like 
winter lands, and very little corn was harvested on account of the drought. 
This was in the neighborhood of Boston, but the suffering extended as far 
as Maine. 

The next three years were years of plenty and prosperity, and it is a 
curious fact that the spring of all of them was late and backward, and the 
winters of 1776 and 1777, were of marked severity, being among the coldest 
ever known. Smith recorded, May 15, 1777, ‘the coldest weather and the 
most backward spring that was ever”; June 30, ‘‘cold, very cold; nothing 
like it through the whole spring; and yet every thing is flourishing except 
Indian corn”; August 18, ‘‘never were there such gardens never such fields, 
never such pastures, never such a year for every thing” ; September 2, “‘ The 
earth is burdened with its fruits.” 

In 1778, the winter was unusually severe, but the spring was forward 
and the weather fine, till July, when a moderate drought set in and lasted 
until August 6. Droughts of limited extent are noticed in the summers of 
1781, 1782 and 1786, but in neither of these years was there much suffering 
from this cause; for, from 1779 to 1787, there was a succession of favorable 
seasons, and various crops were remarkably abundant. 

The rainfall during the summer months of 1791 and 1792, was con- 
siderably below the average, but there were no severe droughts during these 
years, because the rainfall, although light, was evenly distributed through- 
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out the summers. From a record kept by Dr. Prince, of Salem, it appears 
that in 1791, 2.30 in. of rain fell in April, 2.55 in. in May, 2.69 in. in June, 
and but 1.79 in. in July. These amounts are below the average of those 
months, and would have led to a severe drought in July, had not the dis- 
tribution been very general over the month. Again in 1792, the rains for 
July amounted to only 1.60 in. and for August to but 1.34in. The rainfall, 
however, was evenly distributed, and we find accordingly, no notice of any 
great difficulty from want of rain in that year. 

A drought of some severity is recorded in August and September, 1796. 
In the first of these months there were but two slight showers and not an 
entire cloudy day, according to the journal of a Dr. Holyoke. July had 
also been very dry. But little rain fell in June and July of the next year 
(1797), and except for its general distribution over the month, its small 
quantity would have occasioned much suffering. The amount in June 
was but 2.44 in. and in July only 1.65 in. 

The outstanding feature of the droughts during the 18th century was 
the very severe dry spell in 1762. This was without doubt the longest and 
severest spell of aridity in eastern Massachusetts since the landing of the 
Pilgrims. Other severe droughts occurred in 1714, 1748, 1749 and in 1761, 
while dry periods of less severity were reported in 1705, 1707, 1724, 1727, 
1737, 1746, 1754, 1774 and 1796. In addition to those named above there 
were sixteen other years when droughts of short duration, and apparently 
of local extent, were mentioned. 

The next bad drought was in 1805. The latter part of the spring of 
that year was quite dry, and there was not an entire rainy day from'the 16th 
of May to the 29th of September. In July, it was reported that there were 
22 days on which not a cloud was to be seen. 

In 1818, no rain fell, according to the journal of Dr. Holyoke, from the 
3rd of August till the 7th of September; there was but one entirely cloudy 
day during the month of August, and only a few days were even partially 
cloudy. 

The spring of 1825 was forward, but the drought in April and May 
was exceedingly unfavorable for grass. August, too, was reported to have 
been very dry. 

In 1826, the earlier part of the season was remarkably dry, and the 
water in wells was lower than in 1825. There was no rain in May until 
the 22nd, and then but little. 

Local droughts were reported in August, 1828, when but 0.64 in. of 
rain fell at Waltham, Mass., and again in June, 1832, August, 1836 and 
July, 1837 and 1838. 

June, 1841, was very dry, but no other general and excessive drought 
occurred till 1844. That year was almost without parallel in eastern Massa- 
chusetts and was marked by its excessive dryness throughout the country. 
The quantity of rain during the summer months was less than it had been 
for many years, and, as might be anticipated, the crops suffered very much. 
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Dry times occurred in September and October, 1846, the spring of 1847, 
April, 1848 and in April, 1852. 

The drought of 1854 was undoubtedly more extensive and more de- 
structive than any of those which had preceded it. It was not confined to 
New England but was felt in nearly every part of the Union. The loss from 
this cause alone was estimated at no less than one hundred million dollars: 
From the 20th of June to the 25th of August rain fell only in slight showers 
and at long intervals, and in many localities there was none for two whole 
months. In August the rainfall was less than had been known in any one 
month for many years. At Waltham it was but 0.57 in., at Boston, 0.38 in., 
at Cambridge, 0.35 in. and at Lowell only 0.18 in. The rainfall during 
June, July and August at Waltham, was but 4.60 in. 

From this period on we have sufficient rainfall observations in southern 
New England to make it seem feasible to discuss the annual variation of 
the rainfall by means of progressive average rainfall diagrams. Previous 
to this period most of our rainfall information concerns dry spells during 
the growing season with occasional references to wet years and snowy win- 
ters. The earliest observations of rainfall in New England were those 
which were kept continuously by Professor John Winthrop at Cambridge, 
Mass., from August, 1749, until April, 1775, and intermittently until May, 
1779. By use of these observations supplemented with those of other 
observers, it has been practicable to obtain a nearly continuous record of 
the rainfall for the region about Cambridge from 1749 until the present 
time. Our chronicle accounts of rainfall from 1749-1854, can be to some 
extent connected with actual observations. Then, too, this diagram will 
give us some insight into the variation of the annual rainfall for the last one 
hundred seventy-eight years. (See accompanying diagram.) 

The earliest observations of rainfall in New England, as previously 
stated, are those which were kept continuously by Professor John Winthrop 
at Cambridge, Mass., from August, 1749 until the day of the Battle of 
Lexington, in 1775. Professor Winthrop continued his observations for a 
time at Concord and afterwards at Watertown. Later he returned to 
Cambridge, but the records for some of the months are missing, and the 
observations were discontinued in 1779. For the present, an estimate 
based on the study of the diaries of that period, has been used for the miss- 
ing months. 

No records have been found showing the actual measurements of the 
rainfall for the years 1780 and 1781, but in the latter year meteorological 
observations were begun at Ipswich, Mass., by Rev. Manasseh Cutler, who 
began later, September, 1782, to measure and record the amount of precip- 
itation in the form of rain and snow. This observer, as did Professor 
Winthrop, gives a description of his rain-gage and the method followed by 
him in his observations. Both observers appreciated fully the difficulty of 
securing accurate observations, especially in the winter season, and it seems 
reasonable to assume that their records are as nearly accurate as those of 
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more recent times. Unfortunateiy, Cutler’s observations were discontinued 
at the end of the year, 1783. 

A more extended record of the rainfall of this period was evidently 
made by Rev. Jonathan French, at Andover, Mass., whose diary, though 
apparently extant, has not been accessible even for the purpose of securing 
the records of rainfall and other meteorological observations which it con- 
tains. Fortunately, portions of the observations are to be found in Abbot’s 
“‘History of Andover,” published in 1829, which contains French’s records 
of rainfall complete for the years 1782-1786, inclusive, and also for the 
years 1793, 1798, 1800 and 1803. 

Another observer who appears to have measured the rainfall carefully 
at about this period was Professor Samuel Williams. In his ‘‘ Natural and 
Civil History of Vermont,” written in later years, he presents a table of five 
years of observations of the rainfall at Cambridge, 1784-1788, presumably 
kept by him, but as the record simply presents an average of these five years 
and the details have not come to light, the observations are of little practical 
value. He does present, however, observations of the rainfall at Rutland, 
Vt., for the year 1789, which happens to be the only rainfall record in New 
England for that year that has thus far been found. 

In the period from 1792 to 1803, observations are available for Charles- 
town and Stow, Mass., and, as referred to previously, occasional observa- 
tions at Andover, Mass; these have been used in lieu of observations at 
Cambridge. Between 1804 and 1817, the only available records are those 
at New Haven, Conn., New Bedford, Mass., and Brunswick, Me.* It has 
been necessary to use these records, making such allowances as were deemed 
necessary. for the difference in geographical location and elevation of the 
stations. 

In 1818, the records at Boston became available and, later on, obser- 
vations at other places, especially at Waltham, Lowell, Lynnfield and, still 
later, the records at Cambridge itself. 

For the years for which observations are lacking, namely 1780, 1781, 
1787, 1788, 1790 and 1791, the average rainfall for the entire period has been 
substituted for these years in constructing this diagram. 

The accompanying diagram shows the progressive average annual rain- 
fall in the vicinity of Cambridge from 1749-1925, and for New Bedford, 1814— 
1925. The graphs shown were constructed by X. H. Goodnoughf in 1913 
and with his coédperation brought up to date by the author. The progressive. 
average rainfall has been made by plotting the successive rainfall for three- 
year periods upon the ordinate representing the last year of the group. 

No evidence is shown by the Cambridge record that the rainfall in 
New England is either increasing or diminishing, nor are there any indi- 
cations of a regular variation in the annual quantity. C. F. Marvin’s study 


*There is also the Williamstown, Mass, record beginning in 1816, (Mentioned in Mo. Weather Rev., 
Dec., 1924, vol. i> 563.) 
tJour. N. E. W. W., Vol. 29, Sept. 1915, p. 252. 
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of rainfall data, particularly of southern New England’, has led him to con- 
clude that there is no evidence indicating any permanent changes in the 
climate. His studies demonstrate that more or less definite epochs occur 
from time to time when the climatic conditions of a more or less limited 
region suffer a material change in the value of the running average of condi- 
tions. So far as the Cambridge record shows, the variations in the annual 
rainfall are usually short and quite irregular, though the amount may at 
times remain below or above the average for many years, as in the period 
from 1832 to 1849, when the amount was almost continuously below the 
normal, or in the period 1850 to 1863, when it was continuously above it. 
The periods of continuously high or low rainfall are usually short, averaging 
from five to seven years. 

The most striking of the variations from the normal are the excessive 
rainfalls in the periods 1783-1785, and 1888-1890, and the great deficiency 
in 1760-1762. The maximum annual rainfall in the entire one hundred 
seventy-eight years occurred in 1785 and amounted to 62.40 in. It is inter- 
esting to note that one of the greatest and possibly the greatest freshet ever 
known in the Merrimac River Valley occurred in October, 1785. The rain- 
fall that month recorded at Andover, Mass., was 10.1 in. while the aggre- 
gate rainfall for the months of September and October amounted to 19.3 in. 

With exception of the excessive rainfalls of 1783-1785 and 1888-1890, 
occurring almost exactly one hundred years apart, the maximum rainfall 
in the region of Cambridge has never equalled an average of 50 in. for a 
three year period, and, with the two exceptions indicated, a maximum of 
48 in. for three years has been reached but five times, though in four other 
periods the maximum has exceeded 47 in. 

In the period of three years of lowest rainfall, 1760-1762, the average 
amount fell to a little over 32 in., and the rainfall for the minimum year, 
1762, amounted to 24.47 in. The dry period, however, extended almost 
continuously from 1760 to 1775 and probably included a few subsequent 
years. While the lowest rainfall for three years occurred in 1760-1762, the 
rainfall in several subsequent groups of years was also very low, as for 
example from 1761-1763, with an average of 32.59 in.; 1773-1775, with an 
average of 35.77 in., and 1764-1766 with an average of 35.80 in. 

In no other group of years are the rainfalls as low as in the years 1760- 
1775, nor has the minimum annual ever been lower than that recorded by 
Professor Winthrop in 1762. Next in order of dryness is the period 1820- 
1826, in which the minimum three year group was 1820-1822, with an 
average rainfall of 36.09 in., while the rainfall for the minimum year, 1822, 
amounted to 27.2 in. Other three-year groups in which the average rainfall 
was over 36 but under 37.5 in., are, in descending order, 1792-1794, 1844~ 
1846, 1908-1910, 1881-1883, 1882-1884, 1910-1912 and 1835-1837. 

The orang rainfall in the vicinity of Cambridge for the whole period 


*C. F. Marvin, concerning normals, ne A ates and climatic changes. Mo. Weather Rev., Aug., 
1923, vol. 51, pp. 383 900. See esp. Figs. 1 and 
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from 1749-1925, inclusive, computed from records, compiled in the manner 
described, is 42.27 in. and the average for the forty-five years, 1881-1925, is 
42.57, or less than one per cent. higher than the average for the entire one 
hundred seventy-eight years. This difference, under the circumstances, is 
insignificant. The rainfall for the minimum year, as already indicated, was 
24.47 in. and for the maximum, 62.40 in. In the forty-five years under dis- 
cussion the rainfall in the minimum year was 30.13 in., and in the maximum 
56.23 in. 

At New Bedford the periods of maximum and minimum were, with a 
few exceptions, similar to those of Cambridge. The greatest average rain- 
fall for three consecutive years at New Bedford occurred in 1829-1831, 
when the average precipitation amounted to 63.7 in. During this same 
period the average precipitation in the vicinity of Cambridge was but 
slightly over 46 in. This is considerably more than the normal difference 
in the annual precipitation between these two stations. An examination 
of the monthly records of the two stations for these years indicate that 
most of this apparent discrepancy may be accounted for by the local char- 
acter of the summer rainfall, but it seems more than a coincidence that 
this should happen during three consecutive summers. 

Next in order comes the three year period 1888-1890, with an average 
rainfall of 56.5 in.; then the periods 1896-1898 and 1850-1852 when the 
averages were 53.6 and 53.5 in., respectively. 

The minimum rainfall for any three consezutive years shown by this 
record occurred in 1916-1918, when the average amount falling was 39.30 
in., with a value in the minimum year, 1918, of 32.90 in. The next lowest 
rainfall occurred in 1836-1838 with an average of 40.1 in. The three year 
periods of 1917-1919, 1855-1857, and 1880-1882 all averaged very close to 
40.5 in., while that of 1908-1910 averaged 40.8 in. 

The periods of maximum and minimum rainfall are somewhat more 
sharply defined than those in the vicinity of Cambridge and it has been 
possible to prepare a table of yearly rainfalls divided into quite definite 
periods of maximum, minimum and average rainfall which shows the 
approximate periodic variations at this station for one hundred twelve years. 
The average length of the periods is from seven to eight years, according 
with the widely discussed weather periods of this length. These periods 
and the average amounts of rainfall in each are here presented in tabular 
form. 

Although the period of lowest rainfall occurred in 1844-1849, as shown 
by the table, the period 1905-1918 is perhaps the most significant since it 
includes a greater number of years, has the minimum rainfall for any three 
consecutive years and the absolute minimum annual rainfall for the entire 
one hundred twelve years, as previously referred to. 

The average annual rainfall at New Bedford for the one hundred 
twelve years covered by observations was 46.18 in. and for the last forty- 
five years given, 46.03 in. The maximum rainfall for the entire period was 


ia 
; 
| 
| 
| 


17 


Preriops or MaximuM AND Minimum ANNUAL RaINnFALL, New Beprorp, Mass. 


ARRANGED IN ORDER OF OCCURRENCE. ARRANGED IN ORDER OF MAGNITUDE. 


Average | Average 
Period. on Period. | ok 


1814-1822 41.06 


1823-1832 
1833-1839 
1840-1843 
1844-1849 
1850-1854 
1855-1866 
1867-1878 
1879-1885 
1886-1890 
1891-1895 


_ 


— 
RON 


1891-1895 
1840-1843 
1867-1878 


CO Or Ors 


— 


1823-1832 
1923-1925 


65.41 in., in the year 1829, and the minimum rainfall, 32.90 in., in 1918. 
During the last forty-five years of record, the maximum rainfall was 62.60 
in., in 1898, and the minimum, 32.90 in., in 1918. 

The variation in amount of annual rainfall at many other stations in 
both northern and southern New England, are similar to those noted at 


Cambridge and New Bedford. 

Judging from a comparison of available rainfall records for the ninety- 
three years from 1833-1925, the year 1846 was by far the driest recorded 
throughout a large part of New England, while the years 1863-1864, 1893- 
1894 and 1908 were also noted for their dryness throughout a greater por- 
tion of this area. 

The conditions affecting the distribution of rainfall appear to act quite 
uniformly throughout the greater part of New England, and a year of defi- 
cient rainfall which affects seriously a portion of the area usually affects the 
greater part of it, but there is considerable variation in the distribution of 
rainfall even in very dry years. For purpose of comparison, the period 
1876-1925 may be used, since records in northern New England were too 
limited to justify a comparison for a longer period. During this period 
the year 1880 was probably the driest in a considerable area of central and 
southern New Hampshire and a small portion of Vermont; it was also 
probably the driest year in small portions of western Connecticut. The 
year 1883 was one of severe drought in parts of central and southeastern 
Massachusetts and in the Connecticut River Valley in Connecticut, while 
the year 1894 was probably the driest recorded in certain sections of north- 
ern Connecticut, western Massachusetts, the southern part of New Hamp- 
shire and Vermont and along most of the Maine coast. The year 1914 was 
the driest year in the interior and northern parts of Maine, while 1918 
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was a very dry year in most of southeastern Massachusetts and Rhode 
Island. In other sections the precipitation of 1908 and 1910 was lower 
than any other in the last fifty years of record. 


SUMMARY. 


This study as a whole shows that, so far as it is possible to judge from 
available records, which cover at the longest a period of one hundred seventy- 
eight years, there are no indications that a notable increase or decrease 
is taking place in the rainfall of New England, nor is there any marked 
evidence of material change in its seasonal distribution. 

As to the occurrence of periodic variations of considerable length, the 
available records do not appear to furnish a reliable basis for definite con- 
clusions. As a rule, the amount of the rainfall fluctuates frequently, with 
little apparent regularity, and the periods of high or low rainfall rarely 
continue for fifteen years, while their average duration is from five to eight 
years. 
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THE RAINFALL OF NEW ENGLAND. 
ANNUAL RAINFALL.* 


BY J. HENRY WEBER.} 


The only previous work dealing with the rainfall of New England in 
any detail is that of X. H. Goodnough in 1915'. Mr. Goodnough, who is 
the Chief Engineer of the Massachusetts Department of Public Health, has 
collected all rainfall data that have hitherto been published in the reports 
and bulletins of the U.S. Weather Bureau, the New England Meteorological 
Society, the reports of water departments of cities and towns and the annals 
of academies and colleges. In addition many records were found in other 
publications and a few were obtained from original manuscripts that hither- 
to had not been made public. All these data were published in the JourNAL 
OF THE NEw ENGLAND WaTER Works AssocIiATION, September, 1915?, and 
brought up to date in September, 19218, and June, 1926. In addition to 
presenting tables of the rainfall of 241 New England stations in the 1915 
publication, Mr. Goodnough has presented valuable information concerning 
the historical observations of rainfall in New England, two diagrams show- 
ing the progressive average rainfall over a long period of years in Massa- 
chusetts, average monthly rainfall diagrams for the principal watersheds in 
the area and a map and discussion of the mean annual rainfall of New 
England. This mean annual rainfall map was based mainly on records 
covering a period of 40 years, 1873-1913. The isohyets were drawn for 
every two inches. Areas of higher rainfall are shown in western Massa- 
chusetts and Connecticut, central Massachusetts, the Narragansett Basin 
and the White Mountain district. Only in western Connecticut and in 
the White Mountain district are amounts above 50 in. indicated. The 
Champlain Lowlands, the north central portion of Vermont and the north- 
ern portion of the Kennebec River Valley, are the principal areas of low 
rainfall shown. In these regions the amounts are below 36 in., with the 
lowest rainfall, 30 in., in the northwestern portion of Vermont. No at- 
tempt was made to indicate the mean annual rainfall in northern Maine. 

Data Utilized. The data used in the present study were compiled from 
Mr. Goodnough’s tables, with a few additions from Bulletin W® and Cli- 
matological Data®. 

Records were tabulated for 313 stations in New England and for 22 
stations in the adjoining regions of New York, Quebec and New Brunswick 
for the period, 1881-1925, inclusive. These stations and the number of 
years of record are shown in Table 2 


* Editor’s Note: Previously Lag leg this Jounnat, Vol. XLII, No. 2, June, 1928, pp. 137-149. 
fTClark University, Mass. 
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Individual missing months in these records were supplied through 
interpolation of the values of one or more nearby stations for the month 
in question, although in a few cases missing values were supplied by direct 
substitution of the values of a nearby station. Stations thus completed, 
with from 3 to 44 years of record, falling within the 1881-1925 period, were 
adjusted to a 45-year basis by establishing ratios for the missing years’. 
In a few instances adjustments were not deemed feasible and the original 
values were used without change. In other instances adjustments were 
made on stations reporting for less than 45 years. In nearly all of the 
above mentioned cases, however, the stations in question had reported 
during at least 35 of the 45 years. 

The data thus made available for mean values are summarized in 
Tabie 1. 

TABLE 1. 


NuMBER OF RAINFALL STATIONS AND LENGTH OF REcorRD. 
(Forty-five-year period, 1881-1925, Inclusive.) 


Length of Record — Years. 
45 | 35-44 | 25-34 | 15-24 | 5-14 |Under 5 baie 

5 3 5 10 10 5 38 
Now Hanwehire. 5 3 8 8 13 1 38 
2 3 6 5 14 2 32 
24 14 26 16 74 1 155 
Conner 6 7 5 3 8 0 29 
2 6 0 2 6 0 16 
New Brunswitk..... . 0 1 0 4 0 6 

49 39 56 47 130 9 330 


There were also five additional stations, all in northern New England, 
that were tabulated and used in some cases for maximum and minimum 
annual values. 

Acknowledgments. The writer wishes to express his indebtedness to 
Dr. Charles F. Brooks, under whose direction the work was done, and to 
the Graduate School of Geography at Clark University. 


Maps or ANNUAL RAINFALL AND THEIR INTERPRETATION. 


Mean Annual Rainfall (Plate I). The greater portion of New England 
has a mean annual rainfall (including melted snow, sleet, and hail) of be- 
tween 40 and 45 in. The mean values for stations with 45 years of record 
vary, however, from 47.29 in. at Canton, Conn., to 31.78 in. at Burlington, 
Vt.; stations with shorter records indicate values varying from 82.21 in. at 
Mount Washington, N. H., (16-20-year record unadjusted) to the adjusted 
value of 29.1 in. at Houlton, Me. (See Table 2.) 
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TABLE 2. 
Tue Mean ANNUAL RAINFALL OF STATIONS IN NEw ENGLAND. 


Maine. 


Station. Elevation. Station on which adjusted. 
(Feet.) i 
.| (Inches.) 


Houlton 
Upper Dam 
Eastport 
Portland 
Eastport 
Portland 
None 
Orono 


Gardiner 
Gardiner 
Upper Dam 


Orono 
Fredericton, N.B. 
Upper Dam 
Mayfield 


Fredericton, N. B. 
Lewiston 
Portland 

Orono 

None 

Fredericton, N. B. 
Gardiner 
Eastport 

Orono 
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TABLE 2 (Continued). 


Tue Mean ANNUAL RAINFALL OF STATIONS IN NEW ENGLAND. 


New Hampshire. 


Station. Elevation. Station on which adjusted. 
(Feet.) 

1 470 38.4 Hanover. 

1 650 42.9 Plymouth 
Mt. Washington. ............-- 6 293 82.21 | None 
North Conway................ 575 41.2 Cornish 
1 575 45.0 Errol 
West Stewartstown............ 1050 31.2 Errol 


Mean 
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TABLE 2 (Continued). 
Tue Mean ANNUAL RAINFALL OF STATIONS IN NEw ENGLAND. 


.| Number 


of Years 
of Record. 


Rainfall. 
(Inches.) 


Station on which adjusted. 


Bellows Falls 
Bennington 
Bloomfield 


Enosburg Falls. . 
Fitzdale 


Londonderry 
Manchester 


Somerset 


J 


Wik DO bd 


Hanover 
Jilliamstown 
Errol 
Amherst 
Woodstock 
None 
Burlington 
Burlington 
St. Johnsbury 
Northfield 
St. Johnsbury 
Williamstown 
Northfield 
Williamstown 
Williamstown 
Williamstown 
None 
Hanover 
Williamstown 
St. Johnsbury 
None 
Williamstown 
Woodstock 
Amherst 
St. Johnsbury 
Williamstown 
Hanover 
Cornwall 
Hanover 
Williamstown 


Massachusetts. 


Elevation. 


Number 
of Years 
of Record. 


Mean 
Annual 


Rainfall. 
(Inches. 


Station on which adjusted. 


Attleborough 
Barre 


Springfield 
Fitchburg 
Westborough 


Fitchburg 
Taunton 


Chestnut Hill 


23 
Vermont. 
Mean 
Station. Elevation! Annual | 
White Haver Itt. 400 12 
Station. | | 
Blue Hill (Summit)............ 640 40 
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TABLE 2 (Continued). 
Tue Mean ANNUAL RAINFALL OF STATIONS IN NEW ENGLAND. 
Massachusetts (Continued). 


Mean 
Station. Elevation.| Number | Annual | Station on which adjusted. 
(Feet.) of Years infall. 
of Record.| (Inches.) 
Blue Hill (Valley)........ 60 33 44.4 Chestnut Hill 
1360 6 | 46.2 | Pittsfield and Amherst 
139 35 40.9 Waltham 
1 400 6 46.7 Pittsfield and Amherst 
1 200 20 42.9 Pittsfield 
750 19 43.3 Pittsfield 
Fitchburg 625 45 
Framingham 160 45 45:58 
560 8 49.3 Leicester 
40 1l 47.1 Lynn 
750 13 47.4 Canton 
950 5 42.9 Leicester 
125 31 40.5 Lawrence 
70 40 45.02 | Chestnut Hill 
90 28 47.1 Springfield 
Hubbardston 1 030 6 42.6 Princeton 
500 6 47.3 Canton, Conn. 
31 34 43.5 New Bedford 
Ipswich. . 30 14 45.9 Wenham 
Lakeville 60 32 45.32 | Taunton 
Leominster 500 tl 43.37 | Fitchburg 
Littleton.... 325 8 37.6 Clinton 
20 13 42.6 Lynn 
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TABLE 2 (Continued). 
Tue MEAN ANNUAL RAINFALL OF STATIONS IN NEw ENGLAND. 
Massachusetts (Continued). 


M 
Elevation. Station on which adjusted. 
(Feet.) Rainfall. 
.| (nches.) 


Framingham 
Waltham 
Taunton 
Pittsfield 
Northbridge 
Natick 
Williamstown 
Springfield 
Springfield 
Princeton 
Block Island, R. I. 


Middlefield 
Milford 


Mount Nonotock 
Mt. Wachusett 


Lynn 
Waltham 
Princeton 
Natick 
Williamstown 
Lowell 

Lowell 
Leicester 
Natick 
Canton, Conn. 


Northbridge 


Williamstown 
Pittsfield 
Taunton 
Amherst 
Princeton 
None 
Chestnut Hill 
Wenham 
Acushnet 
Lynn 
Williamstown 
Leicester 
Lynn 
Williamstown 
Natick 
Amherst 
Princeton 
Fall River 
Cambridge 
Amherst 
Westborough 
Webster 


41 
41. 
43. 
43. 
41. 
42. 
44. 
43 
43. 
50. 
40. 
43. 
46 
38 
42 
44 
43 
48. 
40. 
41. 
44. 
44. 
42. 
45. 
44. 
44. 
45. 
45. 
42 
41 
47 
45 


Leicester 
Pittsfield 
Waltham 


Stoneham 
Webster 


Sturbridge 


WARONS 


25 
New Bodiond.: 88 45 
North Andover. 100 14 
North Billoviea 100 20 
a 520 6 
60 27 4§ 
Shelburne Falls................] 300 11 
Southamnton. .... 250 29 
| 
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TABLE 2 (Continued). 
Tar Mean ANNUAL RAINFALL OF STATIONS IN NEw ENGLAND. 
Massachusetts (Continued). 


M 
Station. Elevation.| Number Station on which adjusted. 
(Feet.) of Years | Rainfall. 
of Record.| (Inches.) 
Vineyard 40 6 42.3 Block Island 
1 000 5 45.6 Princeton 
1 200 6 44.6 Princeton 
Weat BroorGeld: 630 13 41.0 Leicester 
West 1 200 13 48.5 Canton 
880 11 49.4 Fitchburg 
og 400 30 40.78 | Leicester 
MU 250 5 46.5 Taunton 


| 
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TABLE 2 (Continued). 
Tue Mean ANNUAL RAINFALL OF STATIONS IN NEw ENGLAND. 


Connecticut. 


Station. 


Elevation. 


(Feet.) 


Number 
of Years 


Mean 
Annual 


Rainfall. 
of Record.| (Inches.) 


Station on which adjusted. 


lin; (b 


45.0 


NSSORORS* 


New Haven 
Canton 
Canton 
Norwich 
Canton 
Hope 
Springfield 
anton 
New Haven 
Canton 
New London 
Hartford 
Canton 
Canton 


Boyds Corner, N. Y. 
Webster 
New Haven 


Canton 
Middletown 
Canton 
Norwich 
Middletown 
Middletown 


Rhode Island. 


Station. 


Elevation. 


(Feet.) 


Number 
of Years 
of Record. 


Mean 
Annual 
Rainfall. 
(Inches.) 


Station on which adjusted. 


Narragansett Pier.............. 


47.5 


Fall River 
Providence 
Providence 
Voluntown 
Providence 
Norwich 
New London 
Providence 
New London 
Providence 


Providence 
Providence 
Webster 

Providence 


27 
20 32 47.38 : 
497 | 464 
693 7 51.1 
Par Vinge. 35 
600 17 
ie No. Grosvenordale............. 400 35 
400 39 
| 
= 15 46.7 
: 90 41 46.04 ; 
South Scituate................. 280 10 48.0 
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An area of higher rainfall, over 45 in., extends from the neighborhood 
of the Croton watershed in eastern New York State into Connecticut 
whence it divides into two branches. One extends eastward to the Massa- 
chusetts coast and the other continues north and northeastward to south- 
ern Vermont and New Hampshire. In the eastern branch a small area in 
southern Rhode Island is enclosed by the 50-in. isohyet, where damp south- 
erly winds strike the hills in an unobstructed sweep from the ocean. In 
the northern branch there are a number of wet spots, each of which, how- 
ever, is smaller in extent than that of Rhode Island. 

The coast of Rhode Island is not protected, as is the coast of Connec- 
ticut by Long Island. This condition is sufficient to account for a greater 
rainfall in southern Rhode Island, for here, particularly in the colder season, 
muggy southerly winds blowing freely off the ocean are forced upward, 
chilled, and made to yield more of their moisture than elsewhere along the 
coast. Here, owing to friction with the land, they lose velocity on coming 
ashore, and crowd upward. The rise of a few hundred feet directly back 
of the coast accentuates this process, as does also the usual cushion of cold 
air over the land. Inland a little way, there is no notable further increase 
in elevation, so the maximum rainfall is soon reached. For example, 
Narragansett Pier has a mean annual rainfall of 46.23 in., Kingston, seven 
miles inland, reports 52.14 in., and Hope, eighteen miles north of Kingston, 
has 48.32in. A similar, but less marked condition, is indicated in southern 
Massachusetts and Connecticut. 

In the northern branch the areas having a mean annual rainfall over 

50 in. are at a considerable distance inland, and at relatively higher eleva- 
tions, varying from 700 ft. in Connecticut to 2 000 ft. in southern Vermont. 
A record kept at the northern base of Mount Tom, in the Connecticut River 
Valley of Massachusetts, indicates a mean annual rainfall of 53 in. Heavier 
rainfall occurs here, particularly in the summer months, as the southerly 
winds give up abundant moisture in their forced ascent of Mount Tom. 
Bar Harbor, Me., at the northeastern base of Mount Desert, indicates a 
similar condition, except that the heavier precipitation comes in the winter 
months. 
Except in the southern portion, observations are lacking in the higher 
portions of the Green Mountains, in Vermont. Inthe south there is a mean 
annual rainfall of over 50 in. at the higher elevations, but it is probable 
that the northern and central portions do not experience a mean annual 
rainfall of 45-50 in. except at the very highest elevations. This is because 
of a greater distance inland, higher latitude and the rain shadowing by the 
Adirondack Mountains and the White Mountains. 

As far as observations show, the White Mountain district is the only 
other area in New England with a mean annual rainfall of 50 in. or over. 
Here, as in the Green Mountains, the number of stations are few, Mount 
Washington being the only rainfall station above 1 500 ft. elevation. This 
station, however, clearly shows the increase of rainfall with altitude, a 


| 
; 
i 
é 


WEBER. 29 


16-20-year record here indicating an average rainfall over 80 in. It is 
probable that most of the higher elevations in the White Mountains have a 
rainfall, similar to, though not so great as, that of Mount Washington. 

The effect of elevation on the rainfall is again shown in the higher 
rainfall in the highlands of central and southwestern Maine and in the 
mountains along the New Hampshire, Maine and Quebec boundaries. 
Bar Harbor, Me., has a much higher rainfall than elsewhere in the region 
(49 in.), and it is possible that this area of higher rainfall might include the 
highlands east of Bangor, Me. 

The most outstanding areas of lower rainfalls are the Lake Champlain 
lowlands, northeastern Maine and the Connecticut Valley and adjoining 
area in central Vermont. All these areas have a mean annual rainfall 
under 35 in. The Champlain lowlands are in the rain-shadow of the Adi- 
rondacks and Green Mountains; the Connecticut Valley region is in the 
rain-shadow of the Green and White Mountains. In the former area the 
lowest on the Vermont side is 31.2 in., at Cornwall, although in the adjoin- 
ing region of New York State the mean annual amount falls below 30 in.; 
in the latter area the lowest is 32.2 in. at Northfield, Vt. In the Maine 
region a small area, Houlton, has under 30 in. of rainfall with a mean of 
29.1 in., having the lowest mean annual rainfall in New England. 

There are two small areas to the northeast of the higher elevation of 
the White Mountains, with a rainfall under 35 in., on the average; both 
are rain-shadows. In the northern portion of the Kennebec Valley in 
Maine and the southeastern portion of the Merrimack Valley and adjacent 
watersheds draining towards the coast, the rainfall diminishes considerably 
from the amount recorded in the surrounding areas. Only in the former 
area, however, does the average amount drop below 35 in. 

The effect of the upwelling of cold water along the coast of Maine in 
reducing the precipitation, particularly in the summer months, is clearly 
shown at Eastport, where the mean annual amount falls below 39 in.; this 
is considerably lower than in the adjoining area. In the Narragansett 
Basin, on Cape Cod and on the islands of Martha’s Vineyard, Nantucket 
and Block Island, water again plays its part in reducing the annual precipi- 
tation; in these regions, as at Eastport, the contiguous water bodies hinder 
the development and maintenance of convectional storms that play such 
an important réle in the warm season rainfall. Bristol, on a peninsula in 
Narragansett Bay, has a mean annual rainfall of 41.9 in., while Kingston, 
eighteen miles to the south-westward, and Hope, fifteen miles to the west- 
ward, have 52.1 and 48.3 in., respectively. From the vicinity of the Cape 
Cod Canal to Provincetown the rainfall decreases more than 9 in. For 
instance, at Rochester, the mean annual amount js 48.3 in., at Hyannis, 
near the center of Cape Cod, 43.5 in., while at Provincetown the amount 
falls to 38.9 in. 

The variation in the mean annual rainfall in the Boston Basin and 
vicinity is considerable. At Boston the weather-bureau station indicates 
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a@ mean annual rainfall of 39.53 in., at Cambridge the amount is 41.68 in. 
and at Chestnut Hill, Brookline, 45.23 in. The greater distance from the 
cold harbor and the slight rise in the land to the west of Boston, seem suffi- 
cient to account for the greater rainfall at Chestnut Hill, although the poor 
location of the Boston rain-gage on the roof of the Post Office building, may 
be an additional factor. On the summit of Blue Hill, elevation 640 ft., 
the annual rainfall, 46.2 in., is nearly two inches higher than the 44.4 in. 
at the base, elevation 60 ft. 

Absolute Maximum Annual Rainfall (Plate II). The greater portion 
of New England has at some time during the period of record experienced 
an annual rainfall between 55 and 60 in., and all portions, with the excep- 
tions of the Champlain lowlands, northeastern Maine and the Connecticut 
Valley in northern Vermont and New Hampshire, have recorded over 45 in. 
It will be noted that these same three areas have the lowest mean annual 
rainfalls in New England. In the first-named area, Cornwall reports its 
highest as 41.9 in., Houlton, in the second-named area, as 40.4 in., and St. 
Johnsbury, Vt., in the last-mentioned region, as 43.9 in. All of these sta- 
tions have reported for less than the 45-year period under consideration, 
but examination of nearby stations seems to indicate that these values 
should be the maxima for the entire period. The maximum at each short- 
record station was compared with that of the nearest long-record station. 
If the year of greatest rainfall was the same for both stations then the 
maximum at the short-record station was taken as its maximum for the 
entire period. If, on the other hand, the year of greatest rainfall at 
the long-record station occurred before or since records existed at the 
shorter-record station, the difference between. the maximum at the short- 
record station and the value recorded for the same year at the long-record 
station, was added or subtracted, as the case may be, to the absolute 
maximum amount recorded at the long-record station. This value was 
used as the probable maximum for the entire period at the short-record 
station. 

The greatest annual rainfall recorded anywhere in this region is 121.13 
in. at Mount Washington. In fact only one other station during the period 
covered by this study has ever recorded over 70 in., Kingston, R. I., report- 
ing 72.2in. An examination of all available earlier records in New England 
reveals that apart from the two stations mentioned, Brunswick, Me., is 
the only one to have over 70 in. of rainfall in a year; in 1845, 75.6 in. was 
recorded at this station. The general distribution of absolute maximum 
annual rainfall is in general accord with that of the average annual. 

In southern New England, Provincetown, a place of low average rain- 
fall, is the only station not to have recorded 50 in. 

Absolute Minimum Annual Rainfall (Plate III). The annual rainfall 
has at some time during the period of record fallen below 40 in. at all stations 
with appreciable record with the exceptions of Mount Washington and 
Kingston, while the greater portion of the area has experienced under 30 in. 
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All areas of 25 in. or lower are confined to northern New England while 
20 in. or lower are found only in portions of western Vermont and in north- 
eastern Maine. The lowest annual rainfalls recorded are: — Howe’s Brook, 
Me., 16.35 in.; Manchester, Vt., 17.68 in.; Houlton, Me., 18.75 in.; Van 
Buren, Me., 21.65 in.; Upper Dam, Me., 22.40 in. and Jacksonville, Vt., 
22.52 in. Burlington and Cornwall, Vt., and Eastport and Fairfield. Me., 
all have reported an annual rainfall under 23 in. 

It is interesting to note that although Provincetown and Williamstown, 
Mass., both have a mean annual rainfall under 40 in., the annual rainfall 
during this 45-year period, has never fallen to 30 in. The maximum value 
at Williamstown is 54 in. and at Provincetown, 48 in.; contrast this slight 
variability with that of Jacksonville, Vt., where the mean annual rainfall 
is 44.4 in., the maximum, 66.9 in. and the minimum, 22.5 in. 
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THE RAINFALL OF NEW ENGLAND. 
SEASONAL RAINFALL.* 
BY J. HENRY WEBER.{ 


SEASONAL DISTRIBUTION OF RAINFALL. 


The New England region has a remarkably even seasonal distribution 
of rainfall. (Figs. 1-4.) There are, however, considerable differences within 
the bounds of the New England States, particularly between the coastal 
rain-gaging stations and those of the interior. All stations on the 
southern Massachusetts coast with its adjoining islands and those on the 
coast of Connecticut, Rhode Island and Maine indicate a winter maximum 
and a summer minimum of rainfall; in the far interior the maximum comes 
in summer and the minimum in winter or spring. Thisis in accord with the 
seasons of maximum and minimum rainfall in marine and continental 
climates. Between the coast and the far interior is the region of practically 
uniform mean monthly rainfall, some stations having less than a 3-in. 
annual range. Examples of these three types are: (1) coastal region — Bar 
Harbor, Me., with means of 5.1 and 3.1 in. in March and June, respectively; 
(2) far interior region — Burlington, Vt., with means of 1.63 and 3.60 in. 
in February and June, respectively; (3) intermediate region — Waltham, 
Mass., highest mean, 3.76 in., in September and the least 3.33 in., in June. 

In the coastal stations the months of December, January, February 
and March have rather uniform rainfalls, although the tendency is towards 
slightly higher rainfall in January and March. From April to July, the 
amount diminishes steadily, while in July and August there is a reaction to 
slightly higher rainfall, due mainly to the increasing activity of convec- 
tional storms and the added influence of West Indian hurricanes. Septem- 
ber has a lower rainfall than either July or August and, in some cases, one 
as low as, or lower than, June. This is the transition period between the 
great activity of convectional storms and that of the extra-tropical “lows.” 
The influence of West Indian hurricanes on the rainfall of this region in 
September is also less than during either the preceding or following months. 
Rainfall due to hurricanes was tabulated from the daily weather maps, 
1904-1926, for Eastport, Portland, Boston, Block Island and Nantucket. 
The results indicate that this influence accounts for 4 to 5 per cent. of the 
annual rainfall at these stations and that the greatest proportion of this 
rainfall comes in August and October. 

The topography of New England is shown in Fig. 5, a relief map of 
the New England States and adjoining regions. 


*Editor’s Note: Previously ag in this Journat, Vol. XLII, No. 3, September, 1928, pp. 278-290. 
¢Clark University, Worcester, Mass. 
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MEAN SEASONAL RAINFALL (SOUTHERN 


Winter Rainfall. The mean 


New England amounts to between 10 and 13 in. A belt of higher rainfall, 


Courtesy of the Geographical Review published by the American Geographical Society of New York. 
above 12 in., extends from western Connecticut northeastward to the 
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Massachusetts coast, reaching a maximum in southern Rhode Island where 
a small area is enclosed by the 14-in. isohyet. The southern portion of this 
region has higher mean winter temperatures and is in closer proximity than 
the northern area, to the main sources of moisture, namely the Gulf of 
Mexico and the Atlantic Ocean. Other things being equal, we should ex- 
pect the highest rainfall here. A higher rainfall is indicated just back from 
the coast, particularly in Rhode Island; the factors instrumental in bringing 
about this condition have been explained in Part I. 

About one-fourth to one-third of the winter precipitation in the south- 
ern area falls as snow.* This proportion increases towards the interior, 
being greatest in the higher elevations of the Berkshire Hills in northern 
Massachusetts, where snowfall accounts for by far the greater part of the 
winter precipitation. In the northern portion of the area, there are many 
small areas indicating values below 10 in. and a few above 12 in. 

The greatest mean winter rainfall is 15.0 in. at Kingston, R. I., and 
the least, 8.2 in. at Williamstown, Mass. 

Spring Rainfall. The mean spring rainfall (Fig. 7), again indicates a 
higher rainfall in the southern portion of the region although there is no 
continuous belt extending east and west, as was the case in the mean winter 
rainfall. The higher rainfall in the southern region is due chiefly to the 
greater precipitation in March. Areas of 12 in. or greater are confined 
mostly to the southern portion, while 10 in. or lower are found only in 
Massachusetts. The greatest spring rainfall is 13.7 in., at Kingston, R. L., 
and the least, 8.8 in., at Williamstown, Mass. 

Summer Rainfall. In summer (Fig. 8) the rainfall distribution is 
nearly the reverse of that in winter and spring, the greatest rainfall occur- 
ring in the interior and the least on the coast. Nearly all of Massachusetts 
and Connecticut west of the Connecticut River, have a mean summer rain- 
fall above 12 in., with a few small areas exceeding 14in. The Narragansett 
Basin and most of the coastal region of Massachusetts have under 10 in., 
the southeastern portion being the most deficient. The mean values vary 
from 14.5 in. at Savoy in the Berkshire Hills of Massachusetts, to 8.3 in. 
at Provincetown, Mass. 

Autumn Rainfall. The mean autumn rainfall (Fig. 9) is rather evenly 
distributed throughout the area, and for the region as a whole averages 
very close tollin. The coastal influence noted during the summer months 
still persists but to a less marked degree. The 10-in. isohyet encloses a 
lesser area in southeastern Massachusetts, than it does in the summer 
season, although in most of northeastern Massachusetts the values are 
somewhat lower than during the preceding season. The lowest mean value, 
however, is at Williamstown, 9.2 in. 


*For a complete discussion of the geographical distribution of snowfall in this area, see C. F. Brooks’s 
study of ‘“‘ New Snowfall,” Monthly Weather Review, 1917, Vol. 45, pp. 271-285, 30 figs. 
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MEAN SEASONAL RAINFALL IN SOUTHERN NEw ENGLAND. 
Massachusetts. 


Blue Hill (Summit) 
Blue Hill (Valley) 
Boston 


o 


Bridgewater 
Brockton 


Granville (a) 
Granville (b) 
Groton 


54 
.0 
-96 
38 
a 
1 
4 
5 
3 
5 
.58 
9 
3 
3 
6 
9 
36 
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Marlborough 
Medford 


Monroe Bridge 
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as | Winter. | Spring. | Summer. | Autumn. : 
1 12.27 10.05 1L 52 
1 10.62 11.77 1 1 
1 11.47 11.24 1 
3 1 10.6 1 : 
10.19 9.65 q 
= 11 11.03 10.23 10 | 
10.6 10.4 10 4 
; 11 11) 9.7 10.8 
10 10. 10.3 10.7 
10.6 10.2 10.3 : 
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Mean SEASONAL RAINFALL IN SOUTHERN NEw ENGLAND. 


Massachusetts (Continued). 


| Winter. | Spring. Summer. Autumn. 
10.8 10.1 11.4 10.7 
PONE. 9.0 9.6 9.45 9.95 
11.1 10.9 10.3 9.8 
Norfolk... . 11.0 10.2 11.4 
10.0 10.3 10.5 10.0 
11.8 11.8 10.4 10.4 
10.85 10.32 8.32 9.45 
11.0 10.8 10.5 10.5 
West Brookfield. ............... 9.3 9.7 
West Granville................. 11.1 11.9 
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MEAN SEASONAL RAINFALL IN SOUTHERN NEw ENGLAND. 


Massachusetts (Continued). 


| Spring. | Summer. | 


Winchendon 
Winchester 


Worcester 
Worthington 


MEAN SEASONAL RAINFALL IN SOUTHERN NEw ENGLAND. 


Connecticut. 


Summer. 


Bridgeport 
Burlington (a) 


Greenwich 


Simsbury 
Southington 
Voluntown 


Waterbury 


2 
8 
3 


WAM do 


ee 
10 


43 

— 
8.21 8.75 11.67 9.20 
10.0 10.0 BE. 7 10.7 
10.6 9.6 9.9 9.9 
11.35 10.7 8.9 10.05 
: 
| Winter. | | | |; | Autumn. 
12.5 12 12.8 13.0 : 
10.27 10 12.28 11.00 
Lake Konomoc.................| 12.7 12 10.3 10.9 
11.3 10 11.5 10.5 | 
11.74 10 10.42 10.44 | 
a No. Grosvenor Dale............ 11.9 11 10.9 10.4 
11.1 10.45 11.35 11.1 
13.35 11.68 11.29 | 
12.60 11.46 12.34 
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MEAN SEASONAL RAINFALL IN SOUTHERN NEw ENGLAND. 


Rhode Island. 
Winter. Spring. Summer. Autumn. 

13.35 12.30 11.05 11.62 
13.8 12.6 12.1 12.3 
Narragansett Pier.............. 12.56 12.47 10.29 10.91 


THE RAINFALL OF NEW ENGLAND. 
Mean Monta ty RAINFALL OF SOUTHERN NEW ENGLAND.* 


BY J. HENRY WEBER.} 


The mean January rainfall (Fig. 1) is greatest in the southern portion, 
exceeding 5 in. in southern Rhode Island. The 4-in. isohyet encloses nearly 
all of Massachusetts south of a line from the vicinity of Boston to the east 
of Worcester, all of Rhode Island and the greater portion of Connecticut, 
exclusive of the north central portion. The southwestern coast of Con- 
necticut and portions of Cape Cod have under 4 in. Williamstown, in the 
Hoosic Valley, and Shelburne Falls, in the Deerfield Valley, are the only 
areas having under 3 in. Kingston, R. I., with 5.21 in., has the highest 
mean value; this is also the highest mean monthly rainfall reported by any 
of the longer record stations in southern New England. 

In February (Fig. 2) the general rainfall distribution is similar to that 
of January, although the area enclosed by the 4-in. isohyet is less. Along 
the entire Connecticut coast the rainfall is under 4 in., whereas in January 
only the southwestern portion experienced that condition. The 5-in. 
isohyet has disappeared from southern Rhode Island, although Kingston 
has 4.94 in. Given the same number of days as January, the 5-in. isohyet 
would appear here, as it did in January. Cape Cod and part of the Nar- 
ragansett Basin, have under 4 in. 

Williamstown, with a mean of 2.52 in., has the lowest February rain- 
fall in the area; this is also the lowest mean monthly rainfall in southern 
New England. 

The March mean rainfall (Fig. 3) is practically a duplicate of that of 
January, there being no differences worthy of note. December, January, 
February and March, are the months of greatest excess in the semi-marine 
conditions on the southern coast and the continental type in the interior. 

April is the month of minimum mean rainfall (Fig. 4) for most of the 
northern portion; here the greater proportion of the stations have values 
between 3.0 and 3.5 in., while northwestern Massachusetts is the only area 
of any extent with amounts below 3 in. Nearly all of Rhode Island and 
smaller areas to the east and west have over 4in. In April the snow cover 
to the north and the cold water bodies to the eastward favor the develop- 
ment and maintenance of a high pressure area over the northeast. This 
factor plus the decreasing activity of extra-tropical lows is instrumental 
in producing drier conditions than in the previous month, throughout the 
entire area. 


*Editor’s Note: Previously printed in this Journat, Vol. XLII, No. 3, September, 1928, pp. 291-302. 
tClark University, Worcester, Mass. 
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Kingston, with 4.5 in., has the highest mean and Williamstown, with 
2.6 in., has the lowest. 

In May (Fig. 5) the mean rainfall is even less varied than in April and, 
for the region as a whole, is somewhat lower than in the previous month. 
In southeastern Massachusetts and Rhode Island there is a reaction to- 
wards a somewhat lower rainfall while in the region west of the Connecticut 
River there is an opposite reaction, most of the stations there having 
amounts of nearly 4in. or over. The increasing contrast in the temperature 
between the coastal waters and the heated land favors lower rainfall, while 
the heating of the land induces increasing thunderstorm activity, thus 
producing a reverse effect in the interior. 

The lowest mean is 2.9 in. at Nantucket and the highest, for the longer 
record stations, 4.3 in. at Cream Hill, Conn. 

June (Fig. 6) has the lowest mean monthly rainfall for the region as a 
whole. The temperature contrast between the ocean and the land is larger 
than during the preceding month and there is, accordingly, a greater rain- 
fall difference between these regions. West of the Connecticut River there 
are a few areas having more than 4 in. while to the eastward nearly all the 
mean values are in the neighborhood of 3 in., Cape Cod and the islands off 
the southern coast having the lowest mean values. Provincetown reports 
the lowest mean, 2.57 in. 

In July (Fig. 7) the greater rainfall in the interior and the lower on the 
coasts, is most clearly shown. The southeastern portion still has mean 
values below 3 in. although the amounts, in general, are not quite so low 
asinJune. The4-in. isohyet extends from the neighborhood of New Haven 
northeastward across Connecticut and Rhode Island into Massachusetts, 
whence it recurves southwestward into Connecticut and from there con- 
tinues generally northward through the Central Uplands of Massachusetts. 
To the west of this isohyet, the values are generally well above 4 in. with 
some of the shorter record stations in western Massachusetts and Con- 
necticut indicating values of 5 in. or over. Because of unsatisfactory ad- 
justment of these short record stations, the 5-in. isohyet has been omitted 
from this map and the two subsequent ones. 

On the Connecticut coast the rainfall increases from the east towards 
the west, with greater continentality.: For example, the mean July rain- 
fall at New London is 3.4 in., at New Haven, 4.2 in. and at Bridgeport, 
4.8 in. 

In August (Fig. 8) all the coastal stations have a higher rainfall than 
in July and the values at all stations exceed 3 in. Elsewhere conditions 
are similar to those of July except in the southern portion, the 4-in. isohyet 
pushes eastward nearly to Narragansett Bay, while along the Massachu- 
setts-Connecticut boundary there is a westward bend of this line to the 
Connecticut Valley. From New Haven eastward along the coast, the 
rainfall is under 4 in., these values being less than is indicated a short dis- 
tance inland. 
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On the September mean rainfall map (Fig. 9) the 3-in. isohyet is 
again shown on the southeastern coast, while the 4-in. line has retreated to 
western Massachusetts and Connecticut. The lowest mean value is 2.55 
in. at Nantucket, and the highest for the longer record stations, 4.4 in. at 
Falls Village, Conn. - 

October (Fig. 10) shows a decided marine type increase in the southern 
and southeastern portions while there is a marked continental type of de- 
crease in the northern and western portions. Areas of 4 in. or over are 
confined to the southern and southwestern parts. In northern Massa- 
chusetts the average is about 3 in., a few stations having values slightly 
below that figure. 

In November (Fig. 11) the rainfall in the northern portion is somewhat 
higher than in October, while there is little difference in the southern part. 
In western Connecticut however, there is a slight decrease. Southern 
and central Rhode Island are enclosed by the 4-in. isohyet, these being the 
only areas of any extent reporting values above 4 in. Williamstown is 
the only station to have a mean rainfall below 3 in. 

In December (Fig. 12) the conditions are similar to those of January, 
February, and March, the higher rainfall being in the southern portion 
and the least in the northern. Kingston with 4.9 in., has the highest mean 
rainfall while Williamstown, as in the case of the mean November rainfall, 
is the only station having under 3 in. 
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Minimum AND Maximum Montuty RAINFALL OF 
SouTHERN New ENGLAND.* 


BY J. HENRY WEBER. 


ABSOLUTE Maximum RAINFALL. 


In January (Fig. 1) the maximum has exceeded 6 in. in all portions of 
the area, with the exception of a small one in the Connecticut Valley in 
northern Massachusetts. Most of Connecticut, southeastern Massachu- 
setts and Rhode Island have experienced over 9 in., while some portions 
have had over 10 in. The highest reported at any station is 11.9 in., at 
Acushnet, Mass. 

The maximum in February (Fig. 2) has exceeded 6 in. throughout the 
entire area. The 8- and 10-in. isohyets are numerous and show very little 
geographical arrangement, while in January they had been confined almost 
entirely to the southern portion. Although no station has reported a rain- 
fall in excess of 12 in. (New London, 11.98 in.), it is interesting to note that 
most of Rhode Island and eastern Connecticut have experienced from 7 
to over 8 in. in one storm, namely that of February 11-14, 1886. 

In March (Fig. 3) there is less variation throughout the area than in 
the preceding months. The prevailing amount for the region is in the 
neighborhood of 8in. The southern portion has recorded a slightly higher 
rainfall than the northern, a few stations there having values slightly over 
10 in. 

April (Fig. 4) is the first month to report a maximum exceeding 12 in. 
Such values are found in the interior of Connecticut and Rhode Island. 
For the remainder of the region, the prevailing values are in the vicinity 
of 8to10in. Williamstown is the only station not to have recorded 6 in. 
of rainfall in April. 

In May (Fig. 5) the absolute maximum values for southern New Eng- 
land are lower than any other month of the year. The prevailing values 
are in the vicinity of 7 to 8 in., while the extremes are 5.8 in. at Williams- 
town and 10.5 in. at Provincetown. Bridgeport is the only other station 
to have had more than 10 in. 

June (Fig. 6) shows a higher and more varied maximum than in any 
of the preceding months. In the northern and western portions of the 
region the prevailing values are between 10 and 14 in., and in the southern 
and eastern, from 8 to 10 in. The major portion of the stations on the 

*Editor’s Note: Previously printed in this Journa, Vol. XLII, No. 4, December, 1928, pp. 414-430, 


+Formerly Clark University, Worcester, Mass., now Department of Operation and Maintenance, The 
Panama Canal, Balboa Heights, C. Z. 
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southern coast have maximum values under 8 in., Block Island, with 12.9 
in. being the only notable exception. The highest values are 14.3 and 14.1 
in. at Southampton and North Dana, Mass., respectively. 

In July (Fig. 7) the variation of the maximum rainfall is extreme. The 
highest maximum, 19.90 in. at Southington, Conn., and the lowest 
maximum, 5.05 in. at Nantucket, are the greatest and least maxima for 
any month; this, in itself, is a remarkable contrast. 

Inthe Connecticut River lowland and to the westward in Connecticut, 
the values are decidedly in excess of those of any preceding or following 
month, a number of stations in the southern part of Connecticut reporting 
values in excess of 18 in. From Southington to New London, Conn., a 
distance of 45 miles, the maximum varies from 19.9in. to7.1in. The greater 
portion of this abnormally high rainfall fell in three storms, in July, 1897. 
Following is an excerpt from the New England Section of the Climate and 
Crop Service of the Weather Bureau, July, 1897: 


The history of the regular and voluntary observation service in New 
England furnishes no parallel to the precipitation record of July, 1897. The 
extremes in the total fall for the month were 2.02 in. at Orono, Me., and 
19.90 in. at Southington, Conn., a most remarkable variance considering 
the comparatively small area of the district. 

Three great storms, namely, those of the 13th and 14th, 22nd and 29th 
produced the bulk of the abnormal large totals in the interior of New 
England (the coast sections averaged about normal). The first storm will 
probably stand as a memorable and distinctive one in Connecticut and 
western Massachusetts. The downpour lasted from thirty to thirty-six 
hours, and at the close of the storm it was found that from five to over ten 
inches had fallen in many sections, exceeding all records for any single 
storm, Southington, Conn., had 10.30 in. (in 33 hours); Bridgeport, Conn., 
9.39; Windsor and Hartford, Conn., 9.22 and 9.17 in. respectively, while 
at the mouth of the Connecticut River the measurements were normal. 
Farther north through western Massachusetts and into Vermont, New 
Hampshire and Maine the amounts reached five and six inches, but along 
the eastern coast the precipitation was very small. 

The second heaviest storm of the month came on the 22nd. This had 
remarkable local irregularities in Connecticut, where the precipitation 
was the greatest. In some localities the storm resembled a cloudburst and 
the consequent floods were worse than for many years. Finally on the 
29th, the third deluge occurred, accompanied by severe electrical disturb- 
ances. These storms created flood conditions in various regions, which 
assumed altogether colossal proportions. Several lives were lost and the 
damage done amounted to thousands and thousands of dollars. 

On the 16th, the Connecticut River at Hartford, Conn., was nearly 
twenty feet above low water mark while on the 30th it was but slightly 
lower. These are said to have been the first real floods in this river in July 
since 1683, according to Professor Hart of Trinity College. 


In August (Fig. 8) the maximum is much less varied than in July, and 
the isohyets show very little geographical arrangement. The highest is 
13.1 in. at Colrain, Mass. 


| 
| 
? 
i 
| 5 
: 
| 
| 
| 


1881-1925 
UARY 
1881-1925 


OLUTE MAXIMUM JANUARY 


RAINFALL 
RAINFALL — 


10" 
BSOLUTE MAXIMUM FEBR 


ABS 


A 


| 
| 
Fie. 2, 


60 THE RAINFALL OF NEW ENGLAND. 


BSOLUTE MAXIMUM APRIL 
RAINFALL~18 81-1925 


Fic. 4. | 


eo’ 


a ABSOLUTE MAXIMUM MAY 
RAINFALL—1881-1925 


ABSOLUTE MAXIMUM JUNE 
RAINFALL 1881-1925 


WEBER. 61 

| Fira. 6. 


62 THE RAINFALL OF NEW ENGLAND. 


f? 
14 
6’ 


A IG 4 BSOLUTE MAXIMUM JULY 
RAINFALL ——1I88! -1925 


, 
BSOLUTE MAXIMUM AUGUST 


RAINFALL—— 1881-1925 


5 
Fia. 8. 


Fic. 7. 


1 
5 ABSOLUTE MAXIMUM SEPTEMBER 
RAINFALL 188i-i925 


- 8 * 
BSOLUTE MAXIMUM OCTOBER 
RAINFALL 1881-1925 


WEBER. | 63 
q fe" | 
Fia. 9. 
Fie. 10. 


THE RAINFALL OF NEW ENGLAND. 


64 

Rit 

8, 

ABSOLUTE MAXIMUM 

RAINFALL 81-1925 
Fie. 11. 


MAXIMUM DECEMBER 
-1925 


Fie. 12. 

q 


01.5 


Ue 
ABSOLUTE MINIMUM JANUARY 
RAINFALL — 1881-1925 


1.0 


ABSOLUTE MINIMUM FEBRUARY 
RAINFALL 1881-1925 


Fia. 14, 


WEBER. 65 

» 
| 
q 

j 


66 THE RAINFALL OF NEW ENGLAND. 


& 
5 ABSOLUTE MINIMUM MARCH 
RAINFALL ——18 81-1925 


Fia. 15. 


0 3 
ABSOLUTE MINIMUM APRIL 
RAINFALL —— 1881-1925 


Fia. 16. 


Ta 


RAINFALL—18 81-1925 


Fig. 17. 


BSOLUTE MINIMUM JUNE 
RAINFALL—— 1881-1925 


| Fia. 18, 


68 THE RAINFALL OF NEW ENGLAND. 


ABSOLUTE MINIMUM JULY 
RAINFALL—18 81-1925 


Fig. 19. 


BSOLUTE MINIMUM AUGUST 
RAINFALL 1881-1925 


4 

20. 


4 ABSOLUTE MINIMUM SEPTEMBER 
RAINFALL 1881-1925 


BSOLUTE MINIMUM OCTOBER 
RAINFALL 1881-1925 


3 
Fig, 21. 


70 THE RAINFALL OF NEW ENGLAND. 


4 
° 
e 
CS 
BSOLUTE MINIMUM NOVEMBER 
2. RAINFALL 1881-1925 


Fia. 23. 


we. 

el. ABSOLUTE MINIMUM DECEMBER 
RAINFALL —18 81-1925 


24. 


r yr 


WEBER. 71 


The maximum September rainfall (Fig. 9) occurs in the Connecticut 
valley and to the westward. Here the values are in the neighborhood of 
10 to 12 in., with the highest for the month, 13.1 in., at New Haven. Most 
of the coastal regions have values from 8 to 10 in. 

October maximum values (Fig. 10) have a variation similar to that of 
September but the geographical distribution is different. The greatest 
rainfall is in the southeastern portion, inland, where the amounts in a few 
cases, slightly exceed 12 in. With a few exceptions, amounts under 8 in. 
are found only in the northern and central portions. 

In November (Fig. 11) the maximum amounts are found in the eastern 
part of the region, where the prevailing amounts are from 8 to 10in. Most 
of the western portion of the region has not received 8 in. of rainfall in this 
month. The highest recorded is 11.5 in. at Acushnet, Mass. 

The December maximum rainfall (Fig. 12) is greatest in the southern 
portion, inland, and least in northwestern Massachusetts. Newtown, 
Conn., has recorded the highest rainfall, 12.3 in., while at Williamstown, 
the maximum amount is but 5.9 in. 


ABSOLUTE Minimum RAINFALL. 


In January (Fig. 13) no very low minimum rainfalls have been re- 
corded, New London, Conn., being the only station to have had as low as 
0.50 in. For the region as a whole, the amounts have not fallen below 1.0 
to 1.5 in., while at Taunton, Mass., the lowest recorded in January is up 
to 2.05 in. 

In February (Fig. 14) the minimum at nearly all of the stations has 
fallen lower thanin January. Most of the western portion has experienced 
a rainfall of 0.50 in. or lower while in the eastern portion, the prevailing 
minimum amounts are in the neighborhood of 1 in. The lowest recorded 
is 0.13 in. at Norwich, Conn., while at Natick, Mass., the amount is above 
1.5 in. 

March (Fig. 15) shows a profound difference in the minimum rainfall 
in comparison with the previous months. Only the south coast and por- 
tions of western Massachusetts and Connecticut, have not recorded under 
0.25 in. Many stations in eastern Massachusetts have experienced a 
rainless month. March, 1915, was the month of lowest rainfall throughout 
the greater portion of the area. 

In April (Fig. 16) the minimum in the southern portion is in the 
neighborhood of 1.0 in. and in the northern portion, 0.50 in. The lowest is 
0.25 in. at Templeton, Mass. Fall River, Mass., is the only long-record 
station where the minimum has not fallen below 1.5 in. 

Nearly all of the area has recorded below 1 in. of rainfall in May 
(Fig. 17), while a large portion has received under 0.50 in. The lowest 
amounts are along the western coast of Connecticut with Greenwich re- 
porting the lowest, .01 in. 
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Nearly all the region east of the Connecticut River has had under 
0.50 in. in June (Fig. 18), while many stations report values under 0.25 in. 
The lowest is 0.09 in. at Haverhill, Mass. For the extreme western por- 
tion of Massachusetts and at Cream Hill, Conn., the minimum amount is 
above 1 in. 

In July (Fig. 19) there are considerable local variations, although in 
general, the southern portion has the lowest amounts; here the amounts 
have fallen, in general, below 0.50 in. Inthe northern and western portions 
the minimum amounts are in the neighborhood of 1.0to1.5in. The lowest 
recorded is 0.22 in. at Nantucket, Mass. 

Throughout the area, August (Fig. 20) shows a lower minimum rain- 
fall than July. The western portions have not experienced below 1 in. 
while in the remainder of the region the values, in general, are between 0.50 
to 1.0in. The lowest is 0.10 in. at Provincetown. 

September (Fig. 21) has a lower minimum rainfall throughout the area 
than in any preceding month excepting March. Only the southeastern 
portion and small areas in the western part have always received over 0.50 
in. during September. For the remainder of the region the amounts are 
generally less than 0.25 in. 

The October minimum rainfall map (Fig. 22) is next to March in low 
values. Outside of the southern portion and western Connecticut, the 
amounts are well below 0.25 in. Many stations in Massachusetts, par- 
ticularly in the western portion, have had a rainless month. The low 
rainfall occurred throughout the area in October, 1924. 

In November (Fig. 23) most of the southeastern portion has had under 
0.50in. For the remainder of the area the minimum values are, in general, 
between 0.50 and 1 in. The lowest recorded is 0.13 in. at Turners Falls, 
Mass. 

There are no very low minimum values in December (Fig. 24), Holden, 
Mass., being the only station to have had an amount below 0.50 in. For 
the rest of the area the amounts are generally well above lin. Bridgeport, 
Conn., is the only station always to have had at least 2 in: of rainfall in 
December. 


SUMMARY AND CONCLUSION. 


The data available furnish satisfactory mean annual rainfall values, 
with their variations, for most of the southern portion of New England, 
while more stations are desirable in northern Maine, New Hampshire and 
Vermont and also in the central portion of the last-named state. It is 
believed, however, that the essential rainfall features have been shown 
within these areas. 

The seasonal distributions are such that the coastal regions have their 
greatest mean monthly rainfall in the winter months and the least in the 
summer, while the far interior has an opposite distribution. Between these 
two regions, the monthly rainfall distribution is practically uniform. 
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In southern New England, the mean monthly and seasonal values 
appear to be of a satisfactory degree of accuracy except in the higher eleva- 
tions in central and western Massachusetts and portions of western Con- 
necticut. The three types of rainfall distribution noted for the New 
England region as a whole, are distinctly shown here, most particularly 
the coastal and the near interior types. 

Maximum and minimum values are naturally less satisfactory and are 
subject to more change with increasing length of record. The period used 
is sufficiently long to show that any part of southern New England may 
receive over 10 in. and under 0.25 in.in some months. Maximum values 
are greatest in the northern and western portions inthe summer months, 
while in winter the maximum values are usually found in the southern por- 
tion. The minimum values are not as low during the winter as they are 
in other seasons. March and October are the only months when rainless 
conditions have been experienced over even a portion of the area. 
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THE RAINFALL OF NORTHERN NEW ENGLAND.* 
-BY GRAGG RICHARDS. 


MEAN SEASONAL RAINFALL. 


The spring rainfall (Fig. 1) for the greater part of this region ranges 
from 8 to 11 in. Near the stormier coast it generally amounts to more 
than 10 in., while falling under 9 in. in northern New Hampshire and Ver- 
mont, and in that part of Maine over 100 miles inland. Aside from Mt. 
Washington, the only high-altitude station, with 18.03 in., Bar Harbor, 
Me., (12.61 in.) alone receives over 12 in. Areas receiving less than 8 in. 
are confined to the Lake Champlain region, the upper Connecticut Valley, 
and northern Maine. West Stewartstown, N. H., (5.8 in.) a valley station 
behind mountains, shows the lowest rainfall. 

In summer the rainfall (Fig. 2), as a whole, is somewhat heavier, mostly 
between 10 and 12in. But in contrast to spring conditions, central Maine 
and both northern and southern New Hampshire and Vermont, now warm 
and convectively active, receive over 12 in., while stations near the chilly 
coast, except Bar Harbor (10.2 in.) record slightly under 10 in. Mt. Wash- 
ington has 28.04 in.; other stations receiving over 14 in. are Woodstock, 
N. H., Victory and Readsboro, Vt. The only station under 8 in. is Houl- 
ton, Me. (7.7 in.). 


The general distribution of rainfall for autumn (Fig. 3) resembles. 


that for spring. Parts of the Maine coast receive over 12 in. as compared 
with 8 to 10 in. for the interior. For New Hampshire and Vermont, the 
relative precipitation is similar to that for both spring and summer, in- 
dividual stations showing, in general, less rain than in summer, but more 
than in spring. Besides Mt. Washington (22.49 in.), the only stations 
recording over 13 in. are Woodland, Me., (13.1 in.) and Somerset, Vt.,(13.4 
in.). Kineo, Me., (7.4 in.) and Fitzdale (7.7 in.) and Ryegate, Vt., (7.9 in.) 
are the low-record stations, all in rain-shadow locations. 

Precipitation along the coast is heavier in winter (Fig. 4) than in either 
spring or autumn, while becoming the lowest of any season for the interior. 
Greater storminess on the coast and the lower temperatures of the interior 
are responsible. Mt. Washington (13.65 in.) no longer stands out in con- 
trast to the coastal stations of Bar Harbor, Belfast and Calais, Me., and 
Somerset, Vt., (all 13.6 in.). The upper Connecticut Valley, Fitzdale, and 
Guildhall, Vt., (5 1 in.) and the Lake Champlain region — Burlington, Vt., 
(5.15 in.) — persist as lowland areas of light precipitation in the rain shad- 
ows of the neighboring highlands. 


*Editor’s Note: A Project of the Clark University Graduate School of Geography, under the supervision 
of Charles F, Brooks. Previously eee’ in this Journat, Vol. XLII, No. 4, December, 1928, pp. 431-456. 


+Mining Geologist, Detroit, Michigan. 
tReference should be made to the general account of the seasonal rainfall of New England, with 


diagrams and map, in this JouRNAL. 
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MEAN RaInFALL.* 


For January (Fig. 5), the mean precipitation decreases from the coast 
inland so that a line from the southwest corner of Vermont to the northeast 
corner of Maine roughly divides the region into two areas, the southeastern 
receiving over 3 in. and the northwestern with lighter precipitation. Except 
for Mt. Washington (4.27 in.) and Somerset, Vt.,(4.8 in.) stations recording 
over 4.5 in. are confined to the Maine coast. The upper Connecticut Val- 
ley, the Lake Champlain region, and probably northern Maine, receive 
less than 2 in. 

February distribution (Fig. 6) practically parallels that for January, 
precipitation in general being slightly lower as would be expected for the 
shorter month. 

In March (Fig. 7), the coastal belt of Maine receives over 4 in., north- 
ern Maine, New Hampshire and most of Vermont, less than 3 in. Mt. 
Washington and Bar Harbor record over 5 in.; the upper Connecticut 
Valley and the Lake Champlain region, 2 in. or less. 

April (Fig. 8) shows a marked falling off in rainfall, especially along the 
coast, where no station records over 4 in. The southeastern half of the 
region, still receives more than 3 in., the northwestern less. Mt. Washing- 
ton now stands out prominently with 5.94 in. Northeastern Maine, the 
upper Connecticut Valley and the southern part of the Lake Champlain 
region are areas of lighter rainfall. 

May (Fig. 9) is marked by a nearly uniform distribution of rainfall 
throughout northern New England. Only Mt. Washington (6.17 in.), 
the upper Deerfield Valley in southern Vermont and scattered stations in 
Maine register over 4in. A belt with breaks, showing less than 3 in., ex- 
tends northeastward from Lake Champlain, includes the upper Connecticut 
Valley, New Hampshire, north of the White Mountains, and northern 
Maine, so that the coastal belt, as a whole, still has heavier precipitation 
than the interior. Houlton, Me., and West Stewartstown, N. H., are the 
only stations showing 2 in. or under. 

The prevalence of a rainfall of between 3 and 4 in. continues through 
June (Fig. 10), but the average precipitation is higher, and areas with over 
4 in. now predominate over those with less than 3 in. The former now 
occur in northern Vermont, New Hampshire and Maine, while continuing 
in the Deerfield Valley and on Mt. Washington, but the latter have shifted 
to the lower Connecticut and Merrimac valleys and stations in eastern 
Maine. Except for Mt. Washington (9.08 in.), Readsboro has the highest 
mean, 4.9 in. All stations receive over 2.5 in. 

The rainfall in the coastal belt remains at between 3 and 4 in. for July 
(Fig. 11), but increases markedly in the interior, so that much of north- 
western Maine and northern New Hampshire, as well as Vermont, record 


*Cf. Southern New England in the preceding paper of this Journat. The same principles of seasonal 
distribution, particularly, more rainfall in winter than in summer on the coast, and more in summer than in 
winter in the interior, presented by Mr. Weber for southern New England, are seen to apply here. 
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over 4 in., several stations over 5 in., and Mt. Washington, 10.34 in. A 
strip along the eastern border of Maine, alone receives less than 3 in. 

By August (Fig. 12), the heaviest rainfall for the region as a whole has 
passed. Areas with over 4 in. occupy the same general positions as in July, 


but have shrunk and means of over 5 in. are confined to Mt. Washington 


(8.62 in.) and its vicinity. Besides eastern Maine, stations in the Connec- 
ticut Valley again begin to show values under 3 in. 

The rainfall is somewhat heavier on the coastal belt in September 
(Fig. 13), while much of northern Maine and an increasing number of sta- 
tions in the Connecticut Valley, receive less than 3 in. Aside from Mt. 
Washington (8.42 in.), only scattered stations show over 4 in. 

In October (Fig. 14), much of the Maine coast receives over 4 in. and 
the interior, except in the northwest, over 3 in. In New Hampshire and 
Vermont, precipitation is lighter than in September. The Lake Cham- 
plain region, most of the Connecticut Valley, and much of southern New 
Hampshire, receive less than 3 in. Mt. Washington records 7.45 in. and 
Somerset, Vt., 5.0 in. 

In November (Fig. 15), conditions along the coast are similar to those 
for October, but many interior stations show a decrease. Mt. Washington 
(6.62 in.) is the only station with a mean of over 5 in. 

The only considerable area receiving over 4 in. is confined to the coast 
of Maine in December (Fig. 16). Most of the interior has a lighter pre- 
cipitation than 3 in., and Burlington, Vt., (1.85 in.) and stations in the up- 
per Connecticut Valley fall under 2 in. Mt. Washington (5.22 in.) alone 
receives over 5 in. 


ABSOLUTE Maximum RAINFALL.* 


The heaviest precipitation recorded for January at long-record stations 
in the region (Fig. 17) varies from 11.15 in. at Bar Harbor, Me., to 3.59 
in. at Burlington, Vt. Roughly, stations within 100 miles of the coast 
have received over 6 in. in some one January, while those farther inland, 
have not. No station, except Bar Harbor, has recorded over 10 in. 

For February (Fig. 18), the extremes in maximum precipitation occur 
in Vermont — 12.74 in. at Jacksonville and 3.86 in. at Cornwall, both in 
the same year, 1900. A line from the southwest corner of Vermont to the 
northeast corner of Maine serves rather accurately as a boundary, inland 
of which not over 6 in. of precipitation is to be expected. Few stations 
have received over 10 in. 

Maximum records of less than 6 in., for March (Fig. 19), are confined 
to the Lake Champlain region, upper Connecticut Valley, and northern 
Maine. All of the Maine coast has received over 8 in., and Bar Harbor, 
14.37 in. Over 9 in. has not been recorded in New Hampshire or Vermont, 
except on Mt. Washington (14.52 in.). The low-maximum long-record 


*Cf. Southern New England in the preceding paper of this JouRNAL. 
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stations are both in the Lake Champlain region — Burlington, 4.53 in. 
and Cornwall, 4.55 in. 

For April (Fig. 20), there has been little change in the 6-in. boundary 
of maximum rainfall, but falls of over 8 in. are confined to the coast, except 
for scattered interior stations. 

Precipitation of over 10 in. is limited to Bar Harbor, Me., Mt. Wash- 
ington and stations to the south, and to Jacksonville, Vt., Cornish, Me., 
recording 11.52 in. Practically the entire region has received over 5 in., 
Upper Dam, Me., (4.98 in.) being the low long-record station. 

May rainfall (Fig. 21) has exceeded 6 in. in nearly all of northern New 
England, Upper Dam, Me., (5.49 in.) again being the low-maximum long- 
record station. Little of New Hampshire and Vermont, excepting Mt. 
Washington (12.50 in.), has received over 8 in. Eastport, Me., has the high 
record of 13.22 in., and most of the Maine coast has received over 8 in. 

June (Fig. 22) shows a very irregular distribution of maxima, but most 
long-record stations register over 9 in., and many over 10 in. Mt. Wash- 
ington comes into prominence with 18.46 in. Halifax and West Rutland, 
Vt., record their highest rainfall of under 6 in. in June, 1922, a month of 
maximum rainfall in much of northern New England. 

All long-record stations, except Bar Harbor, Me., (6.55 in.) show max- 
ima of over 7 in. in July (Fig. 23), many over 10 in., and several over 12 in. 
The maximum for Mt. Washington is 23.90 in., followed by Vernon, Vt., 
with 13.65 in. 

August maxima (Fig. 24) of over 10 in. are confined practically to 
northern and central New Hampshire, including Mt. Washington (15.39 in.) 
and Errol (13.60 in.). An area in south central Maine, including Belfast, 
Fairfield, Winslow and Gardiner, has not received as much as 6 in. 

Records of over 10 in. are well distributed over the region in Septem- 
ber (Fig. 25), and all long-record stations show over 6in. Mt. Washington 
(15.23 in.) alone records over 12 in. 

In October (Fig. 26), but a few scattered stations show over 10 in. 
rainfall, and only Mt. Washington (18.38 in.) over 11 in. Eastern Maine 
is the only considerable area having received over 8 in. Hanover, N. H., 
has a maximum of but 5.49 in. 

The only stations having recorded over 10 in. in November (Fig. 27), 
are Mt. Washington (17.55 in.) and Vernon, Vt., (10.12 in.). Most of the 
region has not received 8 in., but generally over 6 in., except for some Lake 
Champlain and upper Connecticut Valley stations. 

In December (Fig. 28), some regularity in the distribution of maximum 
precipitation becomes evident again, the southeastern part of the region 
having received over 6 in., the northwestern less. Mt. Washington (15.95 
in.), is the only station with a record of over 10 in., and an excess over 8 in. 
is limited practically to southern Maine. The maximum for Cornwall, Vt., 
is but 4.54 in. 
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ABSOLUTE MinimuM MontTHLy RAINFALL.* 


Nearly all of northern New England has experienced Januarys with 
less than 1.0 in. of precipitation (Fig. 29), but few parts have not received 
at least 0.5 in. While most of the immediate coastal belt has not recorded 
less than 1.0 in., Portland, Me., (1.83 in.) is the only station with a mini- 
mum of over 1.5in. Fairfield, Me., received but 0.31 in. in January, 1896, 
a month of minimum precipitation at many stations. 

In February (Fig. 30), no station shows a minimum of as much as 
1.5 in., and few, mostly near the Maine coast, in excess of 1.0 in. A belt 
from Lake Champlain to Durham, N. H., has received less than 0.5 in. 
Northfield, Vt., has a low record of 0.18 in., in February, 1901; that month 
and February, 1895, accounting for many of the minima. 

Practically all of the region has had a March precipitation (Fig. 31) 
of under 0.5 in. March, 1915, was a month of light rainfall, Halifax, Vt., 
and Manchester, N.H.,recording no precipitation, and neighboring stations, 
as well as Bar Harbor, Me., but a trace. Oldtown, Me., however, received 
1.05 in. in the same month. 

For April (Fig. 32), most stations record minima of between 0.5 and 
1.0 in. Portland and Lewiston, Me., and Keene, N. H., have always re- 
ceived at least 1.0 in. during thismonth. No rain fell at Upper Dam, Me., 
in April, 1899, and but 0.07 in. on Mt. Washington in April, 1872. 

Many stations show minima for May (Fig. 33) of less than 0.5 in. 
Manchester, N. H., (1.26 in.), is the only long-record station that has not 
received less than 1.0 in. No rain fell at Upper Dam, Me., and but a trace 
at Burlington, Vt., in May, 1903, a month of generally light rainfall. In 
other years, Errol, N. H., had a rainless May, and Bar Harbor, Me., but a 
trace. 

For June (Fig. 34), most of the northwestern part of the region, has 
not received less than 1.0 in., though under 1.5 in., while parts of the Maine 
coast, as well as of southern New Hampshire and Vermont, have low records 
of less than 0.5 in. But 0.10 in. fell at Bar Harbor, Me., and at Concord, 
N. H., in June, 1913, a month of generally light rainfall, as was also June, 
1912. 

Manchester, N. H., (0.31 in.) is the only station with a minimum of 
under 0.5 in. in July (Fig. 35). The Maine coast, a strip across southern 
New Hampshire and Vermont, and Burlington on Lake Champlain have 
records of lessthan 1.0in. For the rest of northern New England, minima 
at long-record stations vary from 1.0 to 1.5 in. 

A large area in central Maine, has received under 0.5 in. in August 
(Fig. 36), but a trace falling at Orono in August, 1899. The rest of the 
region has low records of 0.5 to 1.0 in., except for Burlington, Vt., (1.05 in.) 
and some stations in central New Hampshire. 

In September (Fig. 37), practically the whole region has received less 


*Cf. Southern New England in the preceding paper of this JouRNAL. 
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than 1.0 in., but minima of less than 0.5 in. are confined largely to the Maine 
coast and southern New Hampshire and Vermont. At Patten, Me., Sep- 
tember, 1917, was rainless. 

Minima vary irregularly from no rainfall to over 1.5 in. for October 
(Fig. 38), but the Maine coast, southern New Hampshire and much of 
Vermont, have records falling below 0.5 in. No precipitation was recorded 
at Camden, Me., and at Halifax, Vt., in October, 1924, and but a trace at 
Fitzwilliam, N. H. 

In November (Fig. 39), a rather wide belt along the Maine coast shows 
minima of from 1.0 to 1.5 in., while the rest of the region, except for a few 
scattered stations with lower values, has received not less than 0.5 in. 
Upper Dam, Me., records no rain for November, 1903. 

The belt of minima between 1.0 and 1.5 in. still persists along the 
Maine coast in December (Fig. 40), but Bar Harbor has not recorded less 
than 1.95in. For the rest of the region, minima fall below 1.0 in., but not 
under 0.5 in., except for Fitzdale, Vt., 0.24 in. in December, 1914, and Corn- 
wall, Vt., 0.38 in., in December, 1892. 
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AVERAGE RAINFALL TABLES FOR NORTHERN 
NEW ENGLAND.* 


BY GRAGG RICHARDS.{ 


The numerical data on which were based the maps and discussion pre- 
sented in the preceding paper of this JouRNAL are presented in the follow- 


ing tables: 
MEAN SEASONAL RAINFALL. 
Adjusted to 1881-1925. 
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*Editor’s Note: Previously printed in this Journat, Vol. XLIII, No. 1, March, 1929, pp. 50-55. 
t+Mining Geologist, Detroit, Mich. 
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Azischos Dam............ 
Bar Harbor ............. 
‘armington.............. 
Middle Dam............. 
Millinocket.............. 
Rumford Falls........... 
Wrytonpitiock 
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North Conway 
West Stewartstown 
Wolfeboro. ... j 


Peterboro.... 
Pittsburg (b). 


Weirs..... 


Pittsburg (a).. 
Stratford. . 


: | Spring. | Summer. | Autumn. | Winter. | Annual. : 
8.5 7.5 
8.5 
Lakeport................| 10.34 
Manchester... 9.92 1 
Mt. Washington..........| 18.03 1 
9.9 
9.3 
8.6 
9.7 
8. 9 
7 
9. 4 
5. 6 
7 
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Vermont. 
Spring. Summer. Autumn. Winter. Annual. 
Bellows Pails. 2. 8.5 9.6 8.9 8.0 35.0 
8.8 12.5 10.1 9.4 40.8 
8.0 12.5 9.9 6.5 36.9 
9.7 10.1 10.2 10.9 40.9 
7.22 10.45 8.96 5.15 31.78 
9.1 10. 8.8 38.4 
8.51 10.21 8.97 7.88 35.57 
6.7 10.0 8.4 6.1 31.2 
Enosburg Falls........... ef 12.6 10.5 7.6 39.4 
9.6 10.3 10.0 11.0 40.9 
Jacksonville............. 10.7 10.6 11.3 11.8 44.4 
Londondetry............. 9.0 10.0 8.7 8.4 36.1 
Manchester... ............ 9.7 10.9 11.3 9.2 41.1 
7.69 10.10 8.35 6.80 32.94 
8.7 10.5 9.3 8.7 37.2 
14.0 11.5 10.8 48.0 
79 11.3 7.9 6.5 33.6 
St. Johnsbury............ 7.96 RS 9.11 6.69 34.87 
11.8 13.7 13.4 13.6 §2.5 
9.0 11.4 9.5 9.0 38.9 
8.9 11.2 8.7 38.5 
West Hartland........... 9.8 11.1 10.0 8.7 39.6 
West Rutland ........... 8.1 9.5 8.7 (je | 33.4 
White River Jct.......... 8.1 9.0 8.8 7.4 33.3 
Wilmington ............- 10.6 13.2 11.3 12.3 47.4 
Woodstock... 9.41 10.58 9.50 8.63 38.12 
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Adjusted to 1881-1925. 


Mean Monrtaty RAINFALL. 
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| Jan Feb. | Mar.| Apr. | May. 


N. Bridgton. . 
Old Town.... 


Millinocket. 
Milo... . 


Middle Dam 


Songo..... 


@ 


: 
Ashland........./1.9 |3.2 |2.1 |2.9 |3.6 [3.1 |2.6 |4.5 |2.5 |2.5 134. 
Azischos Dam.... ./2.6 |1.9 |2.8 |2.4 |3.3 |3.9 |3.9 |2.8 |2.9 |2.2 |3 
Bar Harbor.......|4.8 |4.2 |5.2 |3.6 |3.8 |3.2 |3.6 |3.4 |3.8 |4.2 |4.6 |4.6 
Belfast..........|4.7 |4.3 /2.8 |3.1 13.4 |3.6 |3.2 13.5 13.5 13.9 |4.6 
Calais.........../4.7 [4.7 13.5 |3.2 13.6 |3.7 13.3 |4.4 14.2 [4.6 147 
Camden........../3.0 |2.4 |3.8 |3.4 |3.8 |3.0 |3.2 13.1 |4.2 14.6 |4.1 13.8 14s 
60/3. 80/3. 88/4. 14/3. 84/3. 66/3. 96/3. 81/46 
Danforth........./3.8 |3.7 |3. |2.7 |3.3 [3.4 [4.2 [3.1 
81/3.06/2. 91/2. 94/2. 70/3. 43/3. 26)3. 74/3: 
Fairfield........./2.9 |2.8 |2.8 |2.7 |3.4913.2 |2.9 |2.7 |2.6 |3.0 
Farmington......./3.5 |3.4 /4.G@3.3 |3.8 |3.8 |3.8 |3.5 |3.4 |3.7 [43 
Flagstaff.........|2.9 |2.6 |2.8 |4.0 |3.1 |2.9 |3.0 |2.8 |36 
193.27/3.37/3. 23/3. 10/3. . 59/3. 41/3. 71 
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THE WEATHER-MAP STORY OF THE FLOODING RAINSTORM 
OF NEW ENGLAND AND ADJOINING REGIONS, 
NOVEMBER 3-4, 1927.* 


BY J. HENRY WEBERT AND CHARLES F. BROOKS.t 
[Read January 11, 1928.] 


Three factors joined to make the extraordinary rainstorm in New 
England, November 3-4, 1927 — according to a weather-map study. The 
first factor was a large supply of damp tropical air that happened to be on 
tap over the Gulf Stream and the Atlantic southward. It was marked by 
low pressure on the weather maps for a few days preceding the flood. The 
second factor was the piling-up of a great and almost immovable mass of 
air in the East, from Maine, Nova Scotia and Newfoundland eastward. 
This was marked by high pressure on the maps. The third factor was the 
southward flow of a considerable body of cold air into northern New Eng- 
land and along the Appalachian ranges and through their valleys to the 
Middle Atlantic coast. After three days of northward flow of the tropical 
air, funneled into western New England between the air masses on the east 
and on the west, such great masses of damp air were forced together and 
up over the obstructing mountains and their northern and western higher 
bulwarks of cold air — while at the same time they were being overturned 
by the cold air above — that unprecedented quantities of water fell in a 
short time. 

The rainfall in southern New England and New York east of the 
Hudson River averaged about five inches, and locally amounted to over 
nine inches. Vermont’s downpour averaged not less than seven inches 
for the entire State. The average fall in New Hampshire was about five 
inches and that in Maine three inches or slightly less, ranging from under 
an inch on the coast at Portland to over four inches to the northwest. The 
heaviest rains occurred along the length of the Green Mountains, where 
the mountain wall and the cold air to the west forced the greatest ascent 
of the warm air; and in a belt from Westerly, R. I., to Groton, Mass., the 
path of a small low-pressure center within the general storm. The main 
storm center moved northward up the Connecticut Valley and was attended 
by high southerly and southeasterly winds and gales on its east side. The 
development and movement of this storm was clearly shown by the four- 
hourly weather maps constructed from data received from U. S. Weather 
Bureau and Canadian weather service stations, also from ships at sea. 


*Editor’s Note: Previously printed in this Jourwat, Vol. XLII, No. 1, March, 1928, p. 91. 
+Clark University, Worcester, Mass. 
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How THE Was SEtT. 


The tropical contribution to the New England flood began early in 
October, during which month three heavy rainstorms, largely of tropical 
origin, soaked New England. A week before the flood the barometer was 
relatively low in the middle and eastern Caribbean, and on the evening of 
October 28 a disturbance of slight intensity passed over Santa Lucia, in 
the Windward Islands, advancing apparently west or northwestward. 
Havana reported nearly 12 in. (11.86) of rainfall for the 24-hour period 
ending at 8 a.m. on the 29th. On the 30th and 31st the barometer con- 
tinued low south and southeast of Cuba. On November 1 the barometer 
was low over southern Florida, Cuba and the Bahamas, with the lowest 
pressure, 29.78 in., over central Cuba. The morning of the 2nd a tropical 
low-pressure area, apparently of slight intensity, was noted just east of the 
Bahamas, moving north-northwestward. Other meteorological conditions 
were extremely favorable for the northward movement of great masses of 
tropical air and, in consequence, for the further development of this general 
tropical low-pressure area and its expansion over the eastern seaboard. 

During the last few days of October the pressure distribution on the 
continent of North America favored strong southerly winds in the Middle 
West. In consequence, great volumes of warm, moist air were transported 
from the Gulf of Mexico far northward into Canada. The Atlantic coast 
and the Appalachian region, however, experienced clear and moderately 
cool weather with northerly winds, attending the southeastward advance 
of an area of higher pressure from Canada. It was this high that later 
formed the central and southern portion of the air wall over the western 
Atlantic that helped drive northward the enormous flow of tropical air 
that passed over New England early in November. 

By October 31, there was a temporary reaction to colder weather in 
the lower Missouri and the upper Mississippi valleys, but the temperatures 
continued unseasonably warm in most of the Lake region and in the 
Ohio Valley, while the remainder of the eastern United States showed a 
reéstablishment of seasonal or abnormal warmth. Some stations in the 
Ohio Valley and the Lake region reported temperatures equalling or ex- 
ceeding the record for so late in the season, some readings being as high as 
80° F. The warm weather overspread the Atlantic States by November 1. 
Over the East the movement of air from a tropical quarter continued un- 
abated through the 2nd. An area of lower barometer in the Mississippi 
Valley moved rapidly northeastward. On the morning of the 2nd a sharp 
trough of low pressure, marked by nocturnal thunderstorms, extended from 
its center, southeast of Hudson Bay, south and southwestward to Texas. 
This marked the dividing line between the considerably cooler temperatures 
on the west and the abnormal warmth on the east. Boston, with a maxi- 
mum of 76° F., had the temperature equal to the highest for November 
ever recorded in the history of the local station. This low-pressure area 
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was a secondary of the Pacific low that appeared in the western Aleutian 
Islands October 19 and entered North America, October 28. The primary 
center was at this time over Baffin Bay. This energetic secondary moved 
northward to the mouth of Hudson Bay. 

Moderately heavy rains occurred in northern New York and Vermont 
during the night of November 2nd as the cold front of the storm area passed 
northeastward between Hudson Bay and the St. Lawrence River. The 
temperature began to fall incident to its passage and by 8 P.M. the 2nd the 
readings were in the forties, or below, west of a line northeastward from 
Tennessee through the Ohio Valley and western New York to Montreal. 
On the east, far north, to the mouth of the St. Lawrence River, the temper- 
atures of the southerly winds were in the neighborhood of 60° F. or higher. 
The barometer had fallen along the Atlantic coast, due to the eastward 
movement of a mass of air of lighter density in connection with the northern 
storm and, subsequently, owing to the great inflow of tropical air from the 
ocean. 


THE WEATHER-Map Story IN DETAIL. 


During the following twelve hours the tropical low-pressure area and 
the southern end of the trough from the northern low increased considerably 
in extent and exerted their influence over the entire Atlantic coastal region. 
In order to obtain a comprehensive understanding of its movement, in- 
tensity, and the meteorological conditions in the area influenced by this 
storm, special maps have been constructed. (Figs. 1-6.) These maps 
show the weather conditions beginning at 8 a.m. on the 3rd and ending 
at 8 p.m. the 4th. Reports of weather conditions were obtained with the 
cordial assistance of the Boston office of the U. S. Weather Bureau, Mr. 
G. A. Loveland, official in charge, for all United States stations and for 
many Canadian stations east of the 80th meridian, as well as ship reports 
from the western Atlantic Ocean. Special reports for this period were also 
received from private observatories at Amherst and Worcester, Mass., 
and from Brattleboro, Vt. 

Figure 1 shows that at 8 a.m. November 3 the barometer readings were 
about 29.6 in. in the Carolinas and eastern Virginia, with low pressures 
extending far out to sea; while another low center, the tropical disturbance, 
was now apparently near latitude 30 north and longitude 74 degrees west. 

The cold, dense air had made little progress eastward, except in the 
northern portion of the St. Lawrence Valley. The Appalachian Mountains 
marked, in general, the boundary line between the cooler, drier air to the 
westward and the very warm, humid air to the eastward. In New England 
the cold air had advanced to the crest of the Green Mountains and the 
Berkshire Hills, the east-west gradient in temperature being unusually 
steep. At Albany at 8 a.m. the thermometer read 44° F., while at Amherst, 
Mass., it stood at 63° F. —a difference of 19° in 70 miles. At Concord, 
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N. H., and at Brattleboro, Vt., the temperature was 60° F., while at North- 
field, Vt., the mercury was 42° — a difference of 18° in 80 miles. 

With an immense wall of dense air to the northeastward, where the 
barometer reading was as high as 30.4 in. at Cape Race, Newfoundland, 
and above 30.6 in. over the ocean to the east, and a cold wall of air to the 


Fic. 1.— NoveMBER 3, 1927.— 8 a.m. 


west and northwestward, the south Atlantic storm area was as if caught 
in a vise by its meteorological enemies. The path of least resistance was 
northward along the coast and thence inland into New England. The 
pressure distribution already indicated this, for there was a narrow pointer 
of lower pressure extending northward to southern Vermont, while there 
was a looping of the isobars from there north-northeastward to the St. 
Lawrence River, indicating perhaps a greater northward movement of the 
tropical air there than elsewhere on the east or west. 
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The great, moisture-bearing tropical current was of considerable depth, 
as is indicated not only by the northward movement of the low-pressure 
area but also by cloud drifts. For example, observations at Worcester, 
Mass., showed an inflow of air from the southeast or south to a height of 
at least two miles, where alto-cumulus clouds, the highest visible during the 
storm, were moving from the south. Aérological observations at Boston 
showed a south-southeast or south wind up to 9 800 ft., the highest observa- 
tion. At this height the wind was blowing at a speed of 45 miles per hour 
from the south; at the 6 500-ft. level the velocity was 51 miles per hour 
from the south-southeast. A movement of upper clouds from the south 
was also observed at Washington, D. C. 

Over the Atlantic coastal region and to some distance eastward over 
the ocean the air was warm and muggy and, consequently, greatly ex- 
panded, while from the Appalachians westward, the air was cold, dry, and 
therefore much denser. The stage was now set for the torrential rains 
that began in the district between the Hudson and the Connecticut rivers 
by noon that day, and in the remainder of New England, except eastern 
Maine, by 8 p.m. that night. 

Let us now discuss briefly the physical causes of these heavy rains. 
The main cause of excessive precipitation is the elevation of large masses of 
warm, humid air, by convection or instability overturning, by forced ascent, 
over a topographical barrier or even over a barrier of cold, dense air, or by 
convergence of strong winds. All the above factors appear to have been 
instrumental in producing the heavy rainfall in New England. No wonder 
the rain fell in torrents! 

The Green Mountains and the Berkshire Hills have an average eleva- 
tion of from 1 500 to 3 000 ft. West of these, and across northern Vermont 
and New Hampshire, cold air was banked up to heights probably exceeding 
those of the mountains. The strong southeasterly winds, bringing in great 
masses of vapor to heights of at least two miles, were, upon reaching this 
combined mountain and air barrier, forced to rise and were therefore ex- 
panded, greatly cooled and compelled to yield large quantities of rain. 
If we assume a barrier only 3 500 ft. in height the saturated air on rising 
would be cooled by expansion, offset by latent heat, approximately 10° F. 
Furthermore, since the cold, dense air was moving south and southeast- 
ward and the warm, light air northwestward, there was a convergence of 
these air masses, violent upthrusts, with instability overturning above, and 
additional cooling; all these factors producing an aggregate cooling of at 
least 15 to 20° F. Saturated air when cooled 18° F. has its so-called capa- 
city for holding moisture reduced by about one-half. Since, very likely, 
the cooling in this case was approximately equal to or greater than that 
amount, we can easily see why the rain fell in torrents along and to some 
distance east and west of the line of greatest upthrust of the warm, muggy 
air. As the meteorological conditions, mentioned previously, did not 
change materially during the subsequent 24 hours, it is not difficult to 
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conceive of the recorded 6 to nearly 10 in. of rain falling in the Berkshire 
Hills, the Green Mountains, and in the adjoining regions. More than a cubic 
mile of water fell on the State of Vermont. For the precipitation of such 
a vast quantity of rain a mass of warm, damp air, equivalent to a current 
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two miles deep and covering four or five times the area of Vermont, must 
have passed over the State and ascended two miles while doing so. 
During the 12 hours following 8 a.m. of November 3 the tropical air 
continued its rapid flow northward, but there was little change in the 
position of the front of cold, dense air to the west and northeastward. At 
noon the barometer had fallen along the Atlantic seaboard from Florida 
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to Nova Scotia. The pressure readings were in the neighborhood of 29.55 
in. from North Carolina to Long Island, with one center of slightly lower 
pressure over central Virginia and North Carolina, a second off the coast 
of Virginia, and a third, the tropical low (not shown on the maps) farther 


Fig. 3.— NoveMBER 3, 1927.— 12 p.m. 


out to sea. Ships to the east and southeast of the center near the coast 
reported southeast winds of force 6 to 9. 

By 4 p.m. the two coastal centers noted at noon had apparently com- 
bined into one well-defined storm area. It now appeared as an oblong low, 
extending from North Carolina to Long Island, Atlantic City reporting the 
lowest pressure, 29.38 in. The 8 p.m. map (Fig. 2) shows that the center 
of the low was along the coast of New Jersey, Atlantic City and New York, 
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both having a barometer reading of 29.33 in., while a few ship reports 
indicate a second low of similar intensity, possibly the tropical low, 
south of New England. This map, like the three previous ones, shows 
a conspicuous wedge of lighter air, or lower pressure, extending from the 
southern New England coast to the central portion of Vermont and New 
Hampshire. By midnight (Fig. 3) the storm center was south of the New 
England coast where the pressure was below 29.25 in. The narrow wedge 
of lighter air still extended up the Connecticut Valley to central Vermont 
and New Hampshire; to the west it seemed as though the cold, dense air 
were attempting to push its way eastward through this wedge, but the 
warm tropical air with inexhaustible reserves speeding rapidly in from 
the southeastward repulsed the sallies of its meteorological foes. Twelve 
more hours were to pass before this territory was to be evacuated by the 
southern invader. 

By midnight it is probable that the low, noted south of New England 
at 8 p.m., had moved inland from the Rhode Island coast, and at midnight 
it was centered between Providence, R. I., and Worcester, Mass. (not shown 
on the maps because of small scale). At Worcester the reduced barometer 
was 29.4 in., or .06 to .10 in. higher than at Providence, R. I., Concord, 
N. H., and Amherst, Mass., and .02 in. higher than at Boston. The wind 
at Providence was blowing at a velocity of 50 miles per hour from the south- 
east while at Worcester it was north 8 miles per hour. Between midnight 
and 1 a.M. the rain fell at a rate of nearly 2 in. per hour at Worcester. This 
low pressure, one of small diameter, was undoubtedly largely responsible 
for the excess of 3 to 5 in. that brought totals of from more than 9 down to 
6 in. of rainfall from Westerly, R. I., northward to Groton, Mass. The 
greatest rainfall intensity in Vermont, and possibly western Massachu- 
setts, occurred between 11 a.m. and 8 p.M., but especially between 11 
A.M. and 5 p.m., November 3. Northfield reported 4.24 in. during the 
former period and 3.20 during the latter. In Burlington, conditions were 
similar, although the rate of fall was not as great as at Northfield. This 
heavy rainfall occurred before general rains had begun in the remainder of 
New England, for then the warm, moist southerly winds had been dried 
but little before reaching the Green Mountains. After 8 p.m., however, 
the humid air gave up an abundance of moisture in the region to the south 
and southeast, so that upon reaching the Green Mountains this air had 
already been considerably dried. In consequence, the rate of fall in western 
Massachusetts and Vermont could not be so excessive as during the pre- 
vious period, although the rate could still be classified as heavy. 

Figure 4 shows that by 4 a.m., November 4, the center of the disturb- 
ance had moved inland into the Connecticut Valley, although the ba- 
rometer was still falling. The lowest barometer readings were 29.08 in. at 
Amherst, Mass., and 29.09 at Hartford, Conn. The small disturbance 
over central Massachusetts had now apparently merged with the main 
storm. A slight northern disturbance, noticed north of Lake Superior at 
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8 a.m. of the 3rd, had moved farther eastward. This low-pressure area 
had practically joined the storm from the south by midnight, November 3, 
though showing as a separate center to the north at 4 a.m. the 4th, Montreal 
having a barometer reading of 29.26 in., lower than any of the near-by 
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weather stations. It is interesting to note that although Quebec, Que., 
had a strong northeast wind, the temperature rose from 42° F. at 8 p.m. to 
56° at midnight, and to 62° at 4.4.m., November 4. This warmth continued 
to the late afternoon of that day and was due to the warm air traveling 
from the southeastward, some passing down and over the mountains, where 
much latent heat was given up, and then in a curved path from the north- 
east up the St. Lawrence Valley. At Northfield there was a somewhat 
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similar rise, from a temperature of 44° F. at midnight to 59° at 3 a.m., but 
this warmth was short-lived, for soon after 4 a.m. the cold air again held 
sway at the surface, the mercury tumbling to 46° at 8 a.m. 
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Figure 5 indicates that at 8 a.m. the two storm centers were still present, 
as at 4 a.M., but both had increased in intensity. The southern center 
had moved up the Connecticut Valley to southern Vermont and New 
Hampshire, Brattleboro, Vt., reporting an unusually low barometer reading 
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of 28.97 in. (reduced to sea level). The northern center moved but little 
and the pressure had fallen to 29.08 in. at Montreal. The cold air that 
had advanced to the Atlantic Ocean south of New York City by midnight, 
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November 3, had added to its conquest in the following eight hours only a 
portion of Massachusetts and Connecticut west of the Connecticut River. 

The high-pressure area to the northeastward had remained stationary, 
with slightly increased strength compensating for the loss of air from New 
England. The two daily, northern hemisphere, weather maps made by 
Mr. W. P. Day, U. S. Weather Bureau, Washington, D.C., show that this 
Atlantic high was built in part from dense air relayed southwestward and 
southward from eastern, southern and southwestern Greenland by four 
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lows successively from October 29 to November 4. These lows first ap- 
peared on the maps, (1) in Central America October 15, with a companion 
over the Bahamas, October 17; (2) over Hudson Bay October 25; (3) over 
the Plateau region, western United States, October 25, an offshoot from 
a low; (4) in the Gulf of Alaska, that was first mapped October 19, approach- 
ing the western Aleutian Islands. This fourth low as it passed across North 
America had its primary center far in the north, with an energetic second- 
ary crossing the continent in middle latitudes. It was this secondary that, 
as already mentioned, marked on the United States weather maps the 
western border of the great warm wave of the closing days of October and 
the first day or two of November. While its southern trough lingered on 
the Atlantic seaboard this low center moved northward to the mouth of 
Hudson Bay, then eastward, evidently crossing south central Greenland 
the night of the 3rd and bringing in its rear a considerable rise in pressure 
that appears to have increased the stagnant Atlantic high to its 30.72-in. 
maximum the evening of the 4th. 

St. John’s, Newfoundland, reported a barometer reading of 30.39 in. 
at 8 a.m., the 3rd, but by 8 p.m. it had risen to 30.53 and at 8 a.m., the 4th, 
the reading was 30.58 in. Sydney, Cape Breton Island, had a rising ba- 
rometer during the 3rd but by 8 a.m., the 4th, the reading was the same as 
24 hours previous. The barometer readings on the morning of the 4th, 
300 miles east and southeast of Newfoundland, were in the neighborhood 
of 30.60 in., while farther to the eastward a reading of 30.72 in. was re- 
ported by the S.S. Leviathan. The pressure had, however, fallen over the 
Atlantic Ocean southeastward beyond Bermuda, this station reporting a 
barometer reading of 29.48 in. 

During the following four hours the storm continued its northward 
movement. The southern center was northwest of Concord, N. H., where 
the barometer read 29 in., while the northern center was west of Quebec. 
The cold front had advanced around the southern center to Rhode Island 
and central Massachusetts. Rain was still falling in some New England 
districts but the amounts were inconsequential, except in Maine. At 
Eastport the rain did not set in until dusk that day. 

By 4 p.m. the southern center had moved to northern New Hampshire, 
with decreased intensity, while the northern center was still west of Quebec. 
The last map of this series, 8 p.m. (Fig. 6), shows that the southern center 
was northwest of Greenville, Me., while the northern center was somewhere 
in the northwest portion of the Province of Quebec, Doucet having 29.18 
in. (sea level pressure). A slight secondary was developing near the coast 
of New Jersey as the eastward advancement of the cold air over southern 
New England began to isolate a portion of the warm, humid air mass. 
Rain had ceased in New England except in Maine, as the cooler, drier air 
covered that area; the cold front had moved to central Maine. Another 
secondary developed east of New England and with the low in Maine moved 
northward, finally disappearing from the map in Arctic America and Green- 
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land, November 9-11. The Atlantic high was centered near the Azores, 
November 11. Just two weeks and four weeks after the storm of November 
3-4, 1927, similar, though less intense ones struck northern New York and 
New England and western New York. Record floods occurred in the 
Genesee River early in December. 


CONCLUSION. 


Thus we see that the exceptional rains were due to a rare combination 
of a great quantity of humid tropical air pushed northward between two 
flows of polar air, and that the rain was precipitated chiefly where the warm, 
damp air was forced in large masses over a barrier of mountains backed by a 
higher barrier of cold air, or where forced to similar heights in a secondary 
low of small dimensions. 

It is worth noting that the great rainstorm of October 3-4, 1869, was 
of tropical origin and that it was preceded, September 8, 1869, by a hurri- 
cane in eastern New England. 
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RAINFALL IN NEW ENGLAND DURING THE STORM OF 
NOVEMBER 3 and 4, 1927.* 


BY X. H. GOODNOUGH. Tf 
[Read, January 11, 1928.} 


The great storm of November 3 and 4, 1927, caused the loss of many 
lives besides immense destruction of property in large sections of New 
England. The storm appears to have been general over the northeastern 
section of the country, extending from Pennsylvania and New York across 
New England and into Canada. The precipitation was greatest and its 
results most destructive in Vermont, including adjacent sections of New 
Hampshire, and in western Massachusetts. At the same time there was a 
secondary storm which extended from central Massachusetts southerly 
from the neighborhood of Clinton and Marlborough down the Blackstone 
valley and along the boundary line between Rhode Island and Connecticut 
to the sea near Westerly, R.I. The maximum precipitation in the northern 
storm was over 9 in. in southern Vermont, while in the smaller eastern storm 
an equal maximum precipitation occurred near the seashore at the Rhode 
Island-Connecticut boundary. 

The area in which there was a precipitation of 9 in. or more amounted 
to about 457 sq. miles in Vermont and 40 sq. miles in Rhode Island and 
Connecticut. The rainfall exceeded 8 in. over an area of about 1 660 sq. 
miles in Vermont and about 135 sq. miles in the Rhode Island-Connecticut 
and Blackstone River region. The area with a rainfall of 6 in. or more 
amounted to 7 647 sq. miles in Vermont, New York, New Hampshire, 
Massachusetts and Connecticut and 827 sq. miles in the Blackstone River 
region in Massachusetts and in Rhode Island and Connecticut, a total of 
8 474 sq. miles, nearly all in New England. This area is about equivalent 
to the area of the State of Massachusetts. 

The areas in which the rainfall exceeded certain specified amounts in 
each state are given in Table 1. The isohyetal lines or lines of equal rain- 
fall are shown in Plate I. 

Such great rainfalls are rare within the limits of New England, but 
there is evidence that similar storms have occurred from time to time in 
the past, in some of which the precipitation may have been greater, though 
it is doubtful whether any similar storm in past years has caused such great 
loss of life and such destruction of property over so extensive an area as the 
storm of 1927. 

The destructiveness of such a storm depends upon a number of cir- 
cumstances, important among which are the character of the soil, the con- 


*Editor’s Note: Previously printed in this Journat, Vol. XLII, No. 2, June, 1928, p. 150. 
tChief Engineer, Massachusetts Department of Public Health. 
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tour and slope of the ground, the condition of the ground and of the streams 
and ponds at the time when the storm occurs, and the rate of precipitation. 
The rate of precipitation in this storm was excessive, and fortunately there 
is much information as to the rate of rainfall at many stations throughout 
the area affected. The records of the recording gages of the New England 


TABLE 1. 
AREAS FLOopED By Storm oF NovEeMBER 3-4, 1927. 
Over 9 inches. Square Miles. 
In Rhode Island. and 40 
497 
Over 8 inches. 
In Massachusetts, Rhode Island and Connecticut....... 135 
1795 
Over 7 inches. 
In Rhode Island and Connecticut. 372 
4 042 
Over 6 inches. 
In Massachusetts (Western). . 
In Massachusetts (Eastern), end... 827 
8 474 
Over & inches. 
In New Hampshire and Maine................2....++- 8 300 
In Western Massachusetts and New York............. 2 680 


In Massachusetts (Eastern), Rhode Island and-Connecticut 1999 


22 034 


section of the Weather Bureau furnish very definite information as to the 
rates of precipitation at many places. Records were also made at other 
points by engineers of water-power companies, officials of water-works 
systems and other observers in the area covered by the storm. These 
records are shown in Tables 2, 5, 6 and 7, and in Figs. 1-26. From these 
records it appears that precipitation was practically continuous for from 
28 to 40 hours, the bulk of the precipitation occurring in from 10 to 18 hours 
in most places. Some of these rates were very high. At Munroe Bridge 
in the Deerfield valley, rain fell at the rate of 0.28 in. per hour for 16 hours 
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with a maximum rate for 2 hours of 0.39 in. per hour. At Northfield, Vt., 
rain fell for a period of 9 hours at 0.44 in. per hour with a maximum rate 
of 0.62 in. per hour. At Searsburg, Vt., rain fell for 22 hours at a rate of 
0.29 in. per hour with a maximum rate of 0.59 in. per hour. At Somerset, 
Vt., the rate per hour equalled that at Northfield which was 0.44 in., but at 
Somerset the rainfall at that rate was continuous for 12 hours with a maxi- 
mum rate for 2 hours of 0.66 in. per hour. At the sewage disposal works 
at Worcester, Mass., the average rate for 5 hours during the height of the 
storm was 0.90 in. per hour with a maximum hourly precipitation of 1.42 in. 
These records are selected at random and possibly rainfalls of greater in- 
tensity occurred at some points other than are mentioned here. It is evi- 
dent that in a large section of Vermont the rainfall nearly equalled half an 
inch an hour for many consecutive hours, bringing upon the ground an 
immense quantity of water which the channels of the streams were utterly 
unable to remove. So far as the records show, the rate of rainfall in the 
Blackstone valley and in adjacent territory was even more excessive than 
elsewhere. 

The character of the soil and the contour of the region in which this 
storm occurred favored a very rapid run-off into the streams. The maxi- 
mum precipitation in the major storm area followed in a general way the 
main ridges of the Green Mountains in Vermont and Massachusetts. This 
region is a rugged mountainous country with steep slopes having for the 
most part a hardpan and clayey soil, though large areas are rocky and 
nearly impervious to water. In the eastern area in the watershed of the 
Blackstone River and along the boundary between Connecticut and Rhode 
Island the country is hilly and rolling with generally a clayey or hardpan 
sub-soil with few areas capable of absorbing water rapidly. Thus in the 
area affected by the storm the slope and contour of the ground and character 
of the soil were favorable to a very rapid run-off, especially in Vermont and 
western Massachusetts. 

The condition of the ground and of the streams and ponds at the time 
the storm occurred no doubt aided in the destructiveness of the freshet that 
followed. The winter and spring of the year 1927, that is, the months 
from January to June, inclusive, were unusually dry. The average rainfall 
at stations in Vermont and western Massachusetts amounted to only 
about 72 per cent. of the normal for that period of the year. There have 
probably been only 4 or 5 years in the last half century in which the pre- 
cipitation was so small within that period. Following the month of June 
there was a marked change and the rainfall in the summer and fall was 
high. The average rainfall at several of the higher stations in Vermont 
for the months from July to October, inclusive, was 16.56 in., while the 
normal is about 14.70 in. Far greater excesses obtained in central and 
western Massachusetts and in Connecticut. The average rainfall from 
July to October, 1927, inclusive, at the highest stations in western Massa- 
chusetts was 20.96, while the normal for those stations is 15.91. The 
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average rainfall for the month of October at a number of the higher stations 
in Vermont amounted to about 5.99 in., while the normal is about 3.35 in. 
In western Massachusetts the rainfall for October was 7.13 in., while the 
normal for the same stations is 3.58 in. 

In the Blackstone valley area the rainfall for the four months previous 
to the storm amounted to 21.16 in., while the normal is 14.43. In the 
month of October the precipitation exceeded the normal in that region 
by about 2.45 in. 

The following table shows the rainfall at the various stations during 
the period July to October, inclusive, 1927. 


TABLE 2. 
RAINFALL IN THE VICINITY OF FLOODED AREAS FOR THE PERIOD JULY—OcTOBER, 1927. 


1927. NorMAL. 
Gace Location. Tora. Tora. 
Jul. | Aue | Sep. | Oct. Jul. | Aug. | Sep. | Oct. 
Northfield, Vt....... 3.40 | 5.92 | 1.57 | 5.64 | 16.53 || 3.70 | 3.93 | 2.76 | 2.48 | 12.87 
Woodstock, Vt....... 4.51 | 3.24 | 1.40 | 5.45 | 14.60 || 3.91 | 3.39 | 3.46 | 3.00 | 13.76 
Somerset, Vt........ 4.06 | 4.86 | 2.75 | 6.87 | 18.54 || 4.60 | 4.31 | 4.01 | 4.56 | 17.48 
5.99 | 16.56 3.35 | 14.70 
Savoy, Mass........ 9.71 | 3.59 | 1.01 | 6 20.39 || 5.25 | 4.17 | 3.93 | 3.78 | 17.13 
Plainfield, Mass...... 4.37 | 3.43 | 2.36 | 7.15 | 17.31 || 4.62 | 3.52 | 4.59 | 3.74 | 16.47 
Worthington, Mass.. .| 5.53 | 4.73 | 2.55 | 6.87 | 19.48 || 4.09 | 3.72 | 4.27 | 3.87 | 15.95 
Chester, Mass....... 6.36 | 6.86 | 2.49 | 8.14 | 23.85 |] 3.95 | 3.49 | 3.61 | 2.94 | 13.99 
COU, BARBS. oo. ae 6 6.48 | 7.88 | 2.00 23.76 || 4.60 | 4.29 | 3.56 | 3.56 | 16.01 
Fo 7.13 | 20.96 3.58 | 15.91 
Wachusett Water Shed] 5.94 | 9.48 | 3.51 | 5.02 | 23.95 |] 4.15 | 4.09 | 3.62 | 3.26 | 15.12 
Worcester, Mass... . .| 5.23 | 8.70 | 3.41 | 5.50 | 22.84 || 3.57 | 3.38 | 3.35 | 2.88 | 13.18 
Northbridge, Mass. . .| 3.18 | 7.45 | 2.94 | 6.59 | 20.16 || 3.79 | 4.21 | 3.39 | 3.69 | 15.08 
Webster, Mass....... 3.06 | 6.66 | 2.15 | 5. 17.67 |} 3.75 | 3.81 | 3.49 | 3.29 | 14.34 
5. 3. 


In consequence of these conditions the ground preceding the storm 
was thoroughly saturated, and streams and ponds were full to overflowing, 
except in the case of a few storage reservoirs having small watersheds in 
proportion to their capacity which happened to be drawn to a low level 
before the heavy rain set in early in the summer. These conditions were 
undoubtedly a main factor in the destructiveness of the storm. 

It is of great interest to compare the effect of the excessive rainfall in 
this storm with the conditions which followed other similar storms in past 
years. Omitting intense local storms of the thunderstorm type there are 
fairly good records of rainfalls in the past 50 to 60 years in which the maxi- 
mum precipitation exceeded 8 in. over a considerable area. 

A storm of this type occurred in southern New England on October 12 
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to 14, 1895, in which the rainfall exceeded 8 in. over an area of some 590 
sq. miles, or about 40 per cent. of the area in Vermont in which there was a 
precipitation of over 8 in. in the recent storm. The storm of 1895 began 
in southwestern New England at midnight on October 11 and in the north- 
western district early on the 12th. In eastern Massachusetts it began 
about 2 p.m. and in southeastern Maine later in the afternoon on the 12th. 
In eastern Massachusetts the rainfall ended by 4 a.m. on the 14th and in 
northern New England before midnight on the 13th. 

The heaviest rainfall in this storm occurred in a section of country 
from North Grosvenordale, in northeastern Connecticut, to Waltham, 
Mass., covering much the same area as the smaller of the two storms of 
November, 1927. The area of excessive precipitation, however, extended 
to the east as far as the seacoast at Boston, the easterly part of this area 
lying mostly in a comparatively flat country in the watersheds of the Charles 
and Neponset rivers. 

This storm occurred soon after the end of the summer season, some 
23 days earlier in the autumn than the storm of 1927, and followed a period 
of less than average rainfall for that season of the year. Records kept by 
the late Desmond FitzGerald show that at Chestnut Hill the storm lasted 
from 1.30 p.m. on the 12th to 4.15 a.m. on the 14th, a period of about 383 
hours. Thus the storm appears to have been of about the same duration 
as that of 1927. 

The year 1894 was one of the driest in New England for many years 
and the rainfall in the winter and early spring months of 1895 from January 
to April, inclusive, was much less than the average. The rainfall for the 
5 months preceding the month of October, 1895, in which the storm oc- 
curred, was about 20 per cent. less than the average. For a period of 55 
days preceding the storm, however, that is, from August 18 until October 
12, the total precipitation in the area covered by the storm amounted to 
only 3.27 in., while the normal rainfall for that period of the year is about 
6.58 in., so that the rainfall had been only about half the usual amount for 
the 55 days of the drier part of the year just before the storm occurred. 

With regard to the rate of precipitation in this storm, satisfactory data 
are not available, but it is probable that the maximum rates did not vary 
greatly from those which occurred in areas of similar rainfall in the storm 
of 1927. 

The effects of this storm were slight when compared with the destruc- 
tion wrought by the storm of 1927. The excessive precipitation produced 
no serious freshets even in the area of greatest rainfall and no marked 
damage resulted at any point. The streams were filled but only those low 
grounds were flooded which are commonly inundated at times of high flow 
in practically every year. 

The following table gives the areas in which the greatest precipitation 
occurred. The limits of these areas are shown in Plate II. 
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TABLE 3. 
AREAS FLOODED By Storm oF OcToBER 12-14, 1895. 


Over 8 inches. 
In Massachusetts 
In Rhode Island 
In Connecticut 


Over 7 inches. 
In Massachusetts 
In Rhode Island 
In Connecticut 


Over 6 inches. 


In Massachusetts 
In Rhode Island 
In Connecticut 


On February 10-14, 1886, occurred a rain storm which created the 
greatest freshets that had been recorded in southeastern New England for 
the last 40 years, previous to the storm of 1927. The conditions in this 
storm were vastly different from those which obtained either in the storm 
of 1927 or in that of 1895. The storm of 1886 is quite fully described in a 
paper by Winslow Upton, at that time director of the New England Mete- 
orological Society, which is printed in Science, March 19, 1886, p. 163. 
The extent of territory covered by the rainfall is given by Mr. Upton as 
follows: 


Amount of Rainfall. Area in Square Miles. 


Between 7 and 8 inches 
Between 6 and 7 inches 
Between 5 and 6 inches 
Between 4 and 5 inches 


This storm passed northeasterly diagonally across the State of Rhode 
Island from the Connecticut boundary and across the State of Massachu- 
setts to the sea south of Boston, the heaviest precipitation occurring in 
the neighborhood of Providence. The territory affected was a little farther 
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to the southeast than in the storm of 1895 or in the secondary storm in 
November, 1927. Plate III shows the lines of equal rainfall in this storm. 

The time of beginning and ending of the storm of 1886 at several sta- 
tions along its course is given by Mr. Upton as shown in the following sum- 


mary: 


Stations. Time of Beginning. Time of Ending. 
10th, 10.30 a.m. 13th, Noon 
ew llth, 6.00 a.m. 13th, 4.20 p.m. 
llth, 1.00 a.m. 13th, 11.30 p.m. 
llth, 7.45 a.m. 13th, 2.45 p.m. 
Newburyport 10th, 5.30 p.m. 13th, 10.30 p.m. 


The maximum rainfall in 24 hours at several stations during this storm 
is given as follows: 


3.30 inches. 


At the time this great rain began the ground was deeply covered with 
snow, the depth of the latter, as estimated generally by observers at that 
time, probably amounting to about 2 in. of rainfall. At the beginning the 
temperature was rather low and much of the rain was absorbed and held 
in suspension by the snow, comparatively little running off into the streams 
during the 11th and early part of the 12th. The temperature remained 
very nearly stationary during the 11th and the 12th, at a few degrees above 
the freezing point, but rose on the night of the 12th and the morning of the 
13th to above 50° F., and it was at the time of this rise in temperature that 
the bulk of the precipitation occurred. 

The effect of these conditions was to bring practically the entirequantity 
of snow on the ground, together with the bulk of the rainfall, into the 
streams within a comparatively few hours, producing the greatest freshets 
which apparently were ever recorded in southeastern New England up to 
that time. It produced an extraordinary flood in Stony Brook in the 
southern part of the city of Boston which inundated a thickly populated 
district, besides doing great damage in many other cities and towns in 
Rhode Island, Connecticut and eastern Massachusetts. The records of 
this flood have furnished a basis for the design of many conduits, channels 
and other engineering structures in this region since that time. 

In 1878 a great freshet occurred in the Westfield River on December 10 
following a precipitation of 3.18 in. of rain and snow. According to the 
accounts the ground was deeply frozen previous to the storm, which began 
in the form of snow, turning to rain when a depth of about one foot of snow 
had fallen. As the storm turned to rain the temperature rose very rapidly 


q 


| 


whe 


| 
| 4 Lf 
par 
| 
| 


Vou. 
GOODNOUGH ON 
RAINFALL IN STORM OF 

NOVEMBER, 1927. 


Prats IV. 


N. BE, W. W. ASSOCIATION. 


SAINFALL New ENGLAND. 
ATIBER 3-4, (869. 


| 
| 
f / | 
4 | 
MAP OF 


| 
| 
| 
| 


FAINFALL New ENGLAND. 
F-41869, 


| 
| 
‘ 
4 
he MAP OF 
‘ NEW ENGLAND 

| 

Avie 1878. Plotted by George 
| 1928. | 


GOODNOUGH. 139 


and the snow melted very quickly which, together with the rain which it 
had absorbed, ran rapidly off into the river, producing a great freshet in 
that stream which inundated the town of Westfield. A report as to this 
storm and its effects, dated February, 1879, was made to the town of West- 
field by the late Hiram F. Mills, A.M., C.E., who was engaged by a com- 
mittee to report a plan for the permanent protection of the town from 
future floods. 

The maximum rate of flow in the river resulting from this rainfall as 
estimated by Mr. Mills was 53 000 cu. ft. per sec. over a drainage area of 
350 sq. miles, equal to about 51 cu. ft. per sec. per sq. mile. 

In 1874 a very considerable freshet occurred in eastern New England 
which resulted in a flow in the Sudbury River nearly equal to that of Feb- 
ruary, 1886. It was during this freshet that the Lynde Brook Reservoir 
of the Worcester water supply system was carried away. 

One of the greatest freshets that ever occurred in New England resulted 
from the great rain of October 3 and 4, 1869. The storm is quite fully 
described by the late Mr. James B. Francis, the famous engineer, in a paper 
which was presented to the convention of the American Society of Civil 
Engineers held in Boston in June, 1878. 

The storm was most intense in the Connecticut River valley but was 
very serious throughout central and northern New England, extending into 
Maine and beyond. The number of rainfall stations in existence in 1869 
was comparatively small and it is very difficult to map this area accurately, 
but it is evident from the newspaper reports of the day that the freshet 
caused great destruction in a wide area of New England. At Concord, 
N. H., it began raining on the night of October 2, and up to daylight on 
October 5 over 2 in. had fallen. From that time until 4 p.m., that is in a 
period of about 10 hours, the newspapers state that there was a fall of 6 in., 
making the total precipitation at that point about 8 in. The newspapers 
complained that they had no exchanges except in eastern New England for 
many days. The maximum rainfall in this storm as shown by Mr. Francis’s 
paper occurred at Canton, Conn., with a precipitation of 12.35 in. 

The storm extended through the center of New England from western 
Connecticut, across the States of Massachusetts and New Hampshire, and 
into Maine. The rainfall exceeded 7 in. in an area of 3 901 sq. miles in 
Connecticut, southwestern Massachusetts, and adjacent parts of New York, 
and also exceeded 7 in. in an area of over 3 253 sq. miles in central New 
Hampshire and adjacent portions of Vermont and Massachusetts. The 
areas in which the rainfall exceeded certain specific amounts in each state 
are given in the following table, and the lines of equal rainfall are shown 
in Plate IV. The map covers a much larger area than is shown in Mr. 
Francis’s paper and has been prepared by the use of available records of 
rainfall observations of that period. 
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TABLE 4. 
AREAS FLOODED BY Storm oF OcTOBER 3-4, 1869. 
Over 12 inches. Square Miles. 
Over 11 inches. 
In Connecticut and Massachusetts.................00- 255 
Over 10 inches. 
In Connecticut and Massachusetts................004- 370 
Over 9 inches. 
902 
Over 8 inches. 
2 264 
Over 7 inches. 
In Massachusetts (S. W. Section) and New York ....... 1 568 
7 154 
Over 6 inches. 
13 572 


It is interesting, though somewhat futile, to attempt to study records 
of great storms occurring previous to 1869, since the number of rainfall sta- 
tions diminishes rapidly going back through the years, and there are only 
two continuous records of rainfall in New England previous to 1825. There 
was unquestionably a great rain storm in August, 1826, which covered much 
of eastern New England as far north as the White Mountains, and the 
Willey House slide by which the Willey family was destroyed in the Craw- 
ford Notch in August, 1826, was no doubt a result of thisstorm. The 
records of rainfall at Boston and Lowell show a precipitation for the month 
of August, 1826 in excess of 9 in., and it is recorded that at Salem the total 
rainfall for the month was 14 in. 

The New Bedford records for that month as hitherto printed show a 
total of 18.72 in., but a copy of the original rainfall record at New Bedford 
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made by Thomas R. Rodman, which has been supplied by the Blue Hill . 
Meteorological Observatory with which the original record is now deposited, 
shows the following precipitation for the month of August, 1826. 


Amount Amount 
August. (Inches). 3 . * (Inches). 


*Thunder and lightning and great rain. 
tMuch rain. under and lightning in the night. 


From this record it appears that there was a total precipitation of 10.69 
in. from August 11 to 13 in that year and later 3.16 in. on August 24 and 
25. The total for the month is 16.64, instead of 18.72 in. as previously 
given, the highest ever recorded for a single month at New Bedford and 
has been exceeded elsewhere in New England only at Lawrence in August, 
1856, so far as known. 

Finally, it seems worth while to refer to the great freshet in the Merri- 
mack River in October, 1785. During that year a record of rainfall was 
kept at Andover by the Rev. Jonathan French from which it appears that 
the total rainfall in the month of September was 9.2 in., and in October, 
10.1 in. The bulk of the rainfall in the month of October apparently oc- 
curred on the 20th, when it is said that 9 in. of water had fallen on the pre- 
vious 3 days. It produced the greatest freshet in the Merrimack River 
that had been recorded in that stream previous to 1896, and the late Hiram 
F. Mills, for so many years in charge of the water powers at Lowell and 
Lawrence, once stated that he believed that the freshet of 1785 probably 
carried more water than that of 1896, the higher rise in the latter case 
probably being due to obstructions along the stream that did not exist 
in 1785. 

A study of these storms indicates the great importance in estimating 
the effect of an excessive rainfall and giving due consideration to the condi- 
tions under which it may occur. A rainfall of 8 or 9 in. even though falling 
at a very rapid rate may produce comparatively little effect in a fairly level 
country at the end of a very dry period in summer or early fall compared 
with the effect that it may produce upon frozen ground or ground covered 
with snow or upon ground which has been thoroughly saturated by earlier 
storms. In the light of the recent observations it is most desirable that 
careful attention be given to the spillways of dams and reservoirs since the 
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greatest destruction of all occurs where a reservoir dam is carried away in a 
great rainstorm. It may be of interest to add that during the recent freshet 
a reservoir constructed not long before under capable engineering advice 
nearly proved a victim to the excessive rainfall in that storm. The waste- 
way was constructed, it was thought, of ample size to prevent the water 
from overflowing the main part of the dam which, as it was constructed 
of earth, would be likely to go out if seriously eroded. At the height of the 
freshet the water rose for a very short time to a depth of 1.5 to 2 in. over the 
top of the earth portion of the dam, but a thick growth of grass rendered 
luxuriant by the frequent rains of the summer and fall prevented any serious 
erosion during the short period when this overflow occurred. 

It is impossible to give a very definite estimate as to the frequency of 
the occurrence of such storms as that of November 3 and 4, 1927, within the 
limits of New England. We have evidence that they have occurred four 
times since 1869, that is on an average about once in 15 years, and there 
are quite reliable records of at least six such storms in the last 140 years, so 
that we may safely estimate that such storms may occur on an average as 
often as at least once in about 20 years. 

The records of rainfall in New England cover so brief a period, however, 
that it is impossible to reach definite conclusions in this matter. The 
longest continuous rainfall record in New England is that at New Bedford, 
which has now been maintained for a period of 114 years. There is an 
available record at Boston for 109 years, at Lowell for 102 years, and at 
Waltham for 101 years, making four records that cover a period of a cen- 
tury. This period is comparatively so brief, however, that it is impossible 
to reach definite conclusions as to the frequency of great storms such as 
that of 1927, and the best estimate seems to indicate that they may occur 
in New England four or five times in a century. It is to be remembered, 
however, that there may have been greater freshets in the past which had 
less serious effect than the more recent ones because of the smaller popula- 
tion of the country at the time they occurred, and it is important to take 
into account in estimating the effect of future freshets the probable influence 
of structures along or over the streams in raising the level of the water or 
perhaps in retarding its flow. In any case, great as the recent freshet was, 
it is unsafe to assume that even the excessive precipitation in the recent 
storm will not at some time be exceeded. 

Much has been said of the effect of storage reservoirs in reducing the 
height of water in freshets, and considerable popular misapprehension ap- 
pears to exist on the effect of such reservoirs under such circumstances. 
If the rainfall happens to occur when the reservoirs have been drawn down 
the storage will of course help materially in reducing the intensity of the 
freshet, but when the reservoirs are full, or nearly so, the reduction would 
be comparatively small, unless the reservoir was of very large size in pro- 
portion to its watershed. There is no doubt that any pond or reservoir, 
even when full, reduces the maximum height of a freshet because of the 
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temporary storage which is made available by the rise of the water at such 
a time; but storage reservoirs that are to be used for the purpose of pre- 
venting or reducing freshets on a river to be most effective must be main- 
tained with that purpose always in view. In order that they may be of 
value when the freshet occurs the storage capacity of such reservoirs, or 
at least that portion of it designed for relief from freshets, must be available 
at all times, otherwise their usefulness may be slight when the occasion 
to use them arises. 

The records of rainfall upon which the map of the great storm of 
November, 1927, is based are given in the following tables. They include 
the records of the numerous rain gages of the Weather Bureau in all parts 
of New England and the adjacent sections of New York, the records of the 
Department of Public Health in Massachusetts, and the results of observa 
tions by various power companies, water departments and companies, and 
private observers. 

Acknowledgments are due to the codéperation of the many observers 
who have supplied information given in the tables and especially to Mr. 
George A. Loveland, Meteorologist of the Boston Weather Bureau; Mr. H. 
B. Kinnison, District Engineer of the United States Geological Survey; 
Mr. J. Henry Weber of Clark University; Messrs. Arthur T. Safford and 
8. 8. Kent, Chief Engineer and Assistant Engineer, respectively, Locks and 
Canals, Lowell; and to Messrs. Trotter & Cate, of Montreal. The work 
of compiling the records and the preparation of plans and diagrams have 


been carried out for the most part by Mr. Geo. V. White of the Department 
of Public Health. 

Tables and diagrams are also appended showing the rate of precipita- 
tion at a number of places during this storm, the information having been 
furnished chiefly by the Weather Bureau, the New England Power Com- 
pany and Mr. Safford. 
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TABLE 5. 
RAINFALL IN NEw ENGLAND — GrEaT StoRM OF NOVEMBER 3 AND 4, 1927. 
Maine. 
NovEMBER. Torats. 
Cities anp Towns. 
80 | 155 | ... | 2.85 | 0.80 
Farmington.............. | 2.02 .00 .00 | 2.387 | 2.37 
Fort Fairfield. ............ .00 .00 .05 .04 | 1.99 .00 | 2.08 | 0.09 
.02 .02 | 1.64 .02 .00 | 1.68 | 1.66 
Greenville sy .44 | 2.90 04]... | 3.38 | 3.34 
51 -25 | 1.83 T. | 2.59 | 0.76 
Jackman tens 01 41 | 1.62 02 | ... | 2.06 | 2.04 
. .00 45 3.73 .00 .00 | 4.18 | 4.18 
North Bridgton.......... ... | 3.64 | 3.54 
Preaque ............ .06 25 | 2.15 2.46 | 0.31 
Ripogenus Dam..........| .00 .29 .26 | 2.76 .00 3.31 | 3.31 
Rockport (West)......... 1.41 | 1.41 
The Forks .02 77 79 | 1.85 3.43 | 1.58 


ay 
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TABLE 5 (Continued). 
RaINFALL In NEw EnGLanp — Great Storm or NovemBER 3 Anp 4, 1927. 


New Hampshire. 


NOVEMBER. Tora.s. 


Cit1Es AND Towns. 
Nov.2-5| Nov.2-4 
Inc. Inc. 


Berlin 
Bethlehem (a) 
Bethlehem 
Claremont 


Merrymeeting Lake 
Nashua (c) 


3 
4 
3 
2 


95 
.04 
92 
.20 
65 
25 
19 
74 
86 


Pittsburg (e) 
Pittsburg (f) 


y 
Plymouth (h) 
Pontocook Dam 


‘65 
03 
1.02 
2.70 
3.02 
4.65 
94 
‘98 
96 


* 


26 
05 


NS: 


OF 
orn. 


De: 


{2} New England Power Co. (e) First Connecticut Lake. 
c) Pennichuck Water Works. (f) Second Connecticut Lake. 
(d) Jackson Mills. (h) Weather Bureau. 
*Precipitation included in following measurement. 
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.00 63 | 4.25 .96 .00 4.88 
Garvie Palle... 08 | 410} .«.. 
.00 .95 | 4.70 25 .00 
.00 | 3.81 | 2.55 .00 
West Stewartstown.......| .10 | ... 
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TABLE 5 (Continued). 
RaInFALL IN New ENGLAND — GREAT StoRM OF NOVEMBER 3 AND 4, 1927. 


Vermont. 
NOVEMBER. Tora.s. 
Cities anp Towns. 

Matlows .00 .00 .24 | 4.07 18 .00 | 4.49 | 4.31 
62} 15 | 5.62 | 5.62 
... | 492 | 3.04 .00 | .01 | 7.96 | 7.96 
Chittindon (a) .......... .00 | 1.65 | 6.60 35 .00 .00 | 8.60 | 8.60 
Enosburg Falls........... 08 | 05 -l1 | 6.35 | 6.30 
4.07 | 3.87 .08 | 7.94 | 7.94 
2.00 | 2.80 ... | 480 | 4.80 

Northfield... 03 .08 | 8.66 | 8.63 
.00 .00 .70 | 6.47 03 .00 | 7.20 | 7.17 
Searsburg Mt............ 00 96 | 7.34 | | 
Silver Lake (a)........... .00 85 | 4.17 | 1.00 49 .00 | 6.51 | 6.02 
.00 00 68 | 8.77 20 .03 | 9.65 | 9.45 
ES 00 00 | 1.00 | 5.39 17 .02 | 6.56 | 6.39 
00 00 .35 | 3.58 18 .00 | 4.11 | 3.93 
White River June. (b)..... sate 1.00 | 5.41 18 .00 | 6.59 | 6.41 
Whitingham (b).......... .00 00 45 | 5.50 06 .00 | 6.01 | 5.95 
WV .00 00 | 4.26 | 3.12 00 7.38 | 7.38 


*Precipitation included in following measurement. 
(a) Vermont Hydro Electric Company. 
(b) New England Power Company. 
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TABLE 5 (Continued). 
RAINFALL IN NEw ENGLAND — GREAT STORM OF NOVEMBER 3 AND 4, 1927. 


Massachusetts. 


NOVEMBER. Tora.s. 


Cities AND Towns. 


Nov.2-5|Nov.2-4 
2 | 3 | Inc. Inc. 


(A) . 


on 


(c) 
Blue Hill Observatory 
Bondsville (Palmer) 


RERSSBRRES: : 


Ho: 


ass 


Fall River (W. W.)....... 
Falmouth 


oe 


Haverhill 

Haverhill (B) 

Heath 

Hingham (Town) 

Holyoke (W. B.)......... 
Holyoke (1) 

Holyoke (2) 

Holyoke (8) 

Housatonic 

Hubbardston 

Hubbardston (C)......... 
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| 
: | 
15 
Cummington.............| .00 .33 
05 
Granville (West).........] ... 
.04 
.70 
| 
wae 
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TABLE 5 (Continued). 
Massachusetts (continued). 


NoOvEMBER. TOrTA.s. 
Cities anp Towns. 
v.2-5| Nov.2-4 
1 | 2 | 3 4 5 6 ‘a Inc. 
Lawrence (D)............ .06 | 1.98 | 1.98 
.00 .00 .27 | 4.89 .00 .02 | 5.16 | 5.16 
66 | 358 |... .03 | 4.24 | 4.24 
Middleborough........... wae | 2.62 2.70 | 2.70 
.64 | 6.28 .08 T. .05 | 7.00 | 7.00 
_ 02 | 2.51 | 2.51 
Monroe Bridge (A)....... .00 .00 42 | 5.78 10 .00 | 6.30 | 6.20 
.00 .00 03 | 1.52 .00 1.55 | 1.55 
| 05 | ... | 6.10 | 6.05 
North Adams (G)........ 57 | 6.93 
North Andover........... J a nasa .02 | 2.60 49 .02 | 3.11 | 2.62 
10 | 7.35 .08 | 7.53 | 7.53 
Peabody (West)....... .00 .03 | 2.28 eae 05 | 2.55 | 2.55 
38 | 5.55 ... | 6.01 | 6.01 
.00 .00 .85 | 4.86 .00 .00 | 5.71 | 5.71 
.70 | 6.09 04 .01 .01 | 6.84 | 6.83 
.02 | 2.00 .03 2.05 | 2.05 
13 2.64 | 2.64 
Rutland (North)......... .03 .02 | 4.19 | 4.16 
Rutland (West).......... af .-. | 3.05 | 3.35 
DO 2.43 .29 .00 01 | 2.72 | 2.72 
Shelburne Falls (A)....... .00 .00 .26 | 3.54 .02 3.82 | 3.80 
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TABLE 5 (Continued). 
Massachusetts (continued). 


NovEMBER. Tora.s. 


Cities anp Towns. 
3 Nov.2-5 
Inc. 


oo 


Southampton (H) 
Southborough (I) 
Southborough (J) 
Boot Pot” 


W. 
BB: 


& 


Walpole 
Waltham 


wore (West) 
Wareham 


SIONON 


(R) 
Westminster (S) 
Westminster (T) 

Weston (U) 

Williamsburg 
Williamstown ............ 
Winchendon 


Worcester (S. W.) . 
Worcester (W. W.) (V).. 
Worcester (W) 
Worcester (X) 
Worcester (Y) 
Worcester (Z) 
Worthington 
Wrentham 


: BS: 


Noe 


.06 
.28 
44 
19 
63 
57 
91 
.60 
46 
10 
37 
37 
15 
74 
62 
00 
81 
92 
91 
14 
05 
-70 
68 
30 
12 
49 
55 
15 
04 
15 
10 
11 
45 
50 
99 
69 
52 
70 


4 
4 
6 
6 
4. 
0. 
4. 
5. 
2 
4 
2 
2 
4 
4 
1. 
4. 
3. 
3. 
5 
4. 
2. 
+ 
4. 
4. 
4. 
2. 
4. 
6. 
5. 
5 
2. 
4. 
4. 
4. 
4. 
4. 
6. 
2. 


BSSSSRSnE 


B.) Weather Bureau (I) Sudbury Dam. 
-W.) Water Works. Cordaville. 

(S.W.) Sewage Works. (K) United States Arsenal. 

Whiting Street. (L) City Hall. 

onds. (M) Borden Brook. 
(N) West Parish Filters 
(a) He bs Brook Reservoir. (O) Provin Mountain Reservoir. 
(b) Fryville. (P) Lake Cochituate. 
(c) Lake. (Q) Pumping Station. 
(A) New England Power Company. (R) White Reservoir. 
Kenoza Lake. (S) Lake. 
C) Williamsville. (T) Meetinghouse Pond. | 
(D) Experiment Station. 
(E) L. J. 
(F) Broad Brook. 
(G) Notch eg (X) Kettle Brook. 
(H) Fomer Reservoir. (Y) Kendall Reservoir. . 
(Z) Clark University. *Precipitation included in following measurement. 
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Nov.2-4 
| 
A7 
Springfield (N)...........] ... .80 
.... | 1.82 
State Farm (Bridgewater)..| ... T. 
0 .86 
Turners Falls............] .00 49 
Wareham (East).........| ... | ... 
West Brookfield..........] ... 
- 
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RAINFALL IN New ENGLAND — 


TABLE 5 (Continued). 


GREAT 


Storm or NovEMBER 3 AND 4, 1927. 


Rhode Island. 
NOVEMBER. Tora.s. 
Cities AND Towns. 
Hopkins Mills (a)........ ; .00 .07 | 7.85 .02 .00 | 7.94 | 7.92 
North Scituate (a)........ .02 .00 .03 | 6.80 .00 .00 | 6.83 | 6.83 
AS). +. 2.24 | 2.24 | 2.24 
Providence (7)...........- | 285 1 2.05 
Providence (W.B.)........ 52 74 T. | 1.26 | 1.26 
Rocky Hill (a). .........-| 02 .00 .02 | 6.86 .02 .00 | 6.90 | 6.88 
Westerly (W. W.)........ Oe 9.37 | 9.37 
Woonsocket............. 4.20 18 4.38 | 4.20 


(a) Providence Water Supply. 


(1) Diamond Hill; (2) Pumping Station No. 3; (3) Masonic Building; (4) Sockanosset Reservoir; 
(5) Pettaconset Reservoir; (6) Precipitation Plant; (7) Fruit Hill Reservoir; (8) Hope Reservoir, 
*Precipitation included in following measurement. 


TABLE 5 (Continued). 
RAINFALL IN New ENGLAND — GreEaT Storm or NOVEMBER 8 AND 4, 1927. 


Connecticut. 
NOVEMBER. ToTALs. 
Cities AND Towns. 
1 2 3 4 5 6 Nov.2-5| Nov.2-4 
Inc. Inc. 
Bakersville (a)........... ... | 6.06 | 6.06 
Ea ee eee .00 .01 | 3.09 | 0.73 01 ... | 3.84 | 3.83 
| 2.43 | 1.03 .O1 3.58 | 3.57 
02 3:27 51 02 | ... | 3.82 | 3.80 
North Grosvenordale......| ... 14 E28 
Reservoir No. 4 (a).......] ... ... | 3.98 | 3.98 
Reservoir No. 6 (a).......] ... .56 | 3.46 02 | ... £02 
West Cornwall........... .00 .03 | 2.45 | 2.85 .05 | .04 5.38 | 5.33 
West Hartland (a)........ ... | 6.64 | 6.64 
Wess 5.96 16 | 5.96 | 5.96 


(a) Hartford Water Works. 


*Precipitation included in following measurement. 
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TABLE 5 (Continued). 
RarnFALL In New York — Great Storm or NOVEMBER 3 AND 4, 1927. 


NoOvEMBER. 


TOTALS. 


Cities anD Towns. 


ne. 


Nov.2-4 


Inc. 


Albany 
Bedford Hills 


Mechanicville 
York City 


appingers Falls......... 
West Point 


8 


seas We © OO 


TABLE 5 (Concluded). 
RaInFALL In CanaDA — Great Storm oF NOvEMBER 3 AND 4, 1927. 


TorTALs. 


Cities anD Towns. 


Nov.2-5 
Inc. 


Nov.2-4 
Ine. 


herbrooke 01 


SOSUWAaN 


Sr bo Go 


3.47 


*Precipitation included in following measurement. 
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RAINFALL INTENSITIES FOR VARIOUS PERIODS OF TIME FROM RECORDING GAGE RECORDS. 


DISCUSSION. 


TABLE 7. 


Blue Hill Observatory. . nae 
Brookime, 
Nantucket, Mass................ 


Providence (Hope Reservoir)... .... 
Worcester (Winter Hill). . 

Worcester (Sewage Works). . 


MINUTES. Hovurs. 
10 24 
07 13 22 .63 | 3.49 
16 34 .57 .84 | 1.40 | 2.87 
.07 .30 51 | 1.07 | 2.16 
.09 14 ae 41 .58 | 1.81 
.05 .20 45 | 1.54* 
.07 15 26 46 .76 | 4.50 
sk 38 .56 .85 | 1.37 | 4.04 
ke 39 52 .77 | 1.40 | 3.14 
.20 33 46 .63 | 3.22 
.20 44 72 | 1.20 | 1.73 | 3.26* 
.03 .07 12 16 .29 | 1.64 
14 24 39 .99 | 1.55 
13 .28 40 .59 .84 | 3.67 
16 .23 .30 A7 | 1.68 
15 19 23 42 .69 | 1.22 | 3.58 
.06 eke 16 .26 Al .66 | 2.24 
05 .08 14 .25 48 75 
.06 .09 24 .of | 1.26 
.08 13 21 .32 52 | 1.97* 
.09 27 41 55 83 | 3.08 
.66 .73 | 1.26 | 1.87 | 4.92* 
30 61 1.04 | 1.65 | 2.60 | 5.07 


Whitingham, V 


Whitingham, ve (Davis Bridge Dam) 


INTENSITIES FOR 2 AND 24 ConsEecuTIVE Hours FROM PowER STATION RECORDS 
FURNISHED BY THE NEw ENGLAND PoWER CoMPANY. 


*Twenty-four-hour period by stick measurement. 


| 
| 
4 | ‘4 
| 
} 
| 
| 
New Haven, Conn 
| 
‘ 
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DIScussION. 


C. W. Mowry.* Aside from the direct property damage and the 
meteorological interest in rainfall and run-off, there were many other lessons 
that water-works engineers could learn from the storm of November 3-4, 
1927. 

Public water supplies in many towns were crippled temporarily when 
bridges supporting street mains were carried away, when mains crossing 
river beds were undermined or broken by flood-carried boulders, when 
wash-outs exposed and broke street mains, or when pumping stations were 
flooded. Water-department men worked feverishly day and night to repair 
the breaks and to restore water service for sanitary purposes and for fire 
protection after the interruptions, which varied from a few hours to a few 
weeks. 

North Adams suffered seriously. Eight-inch, 12-in. and 16-in. mains 
crossing the river on bridges were wrecked, and 10-in. and 14-in. mains 
crossing on the bed of the river were broken. At Woonsocket, a 12-in. 
main crossing a bridge was deliberately broken by the Water Department 
for fear the bridge would be carried away and would break off the main 
back of the valve so that the water could not be shut off. By first shutting 
the valves and then breaking the pipe in between, this possibility was 
avoided. The experience, however, points out the desirability of locating 
gate valves well back from the bank and then anchoring the pipe securely 
by a concrete pier between the valve and river bank, as protection for the 
- control valves. 

In St. Johnsbury, Vt., an 8-in. and a 14-in. pipe laid on the bank of the 
Passumpsic River were broken. A 10-in. by-pass of steel spiral riveted 
pipe laid on the up-stream side of the bridge for use in case of the failure of 
the 14-in. pipe, was found worthless due to corrosion. At the present time, 
an 8-in. cast-iron pipe is being laid across the river on the ice. When all 
the lead joints are poured, it is the intention to cut an opening in the ice 
and lower the pipe to the bed of the river. To replace the 14-in. pipe, a 
special bridge is to be built. All of this work will take from two to three 
months. 

These various experiences are also important from the fire-protection 
standpoint, because many valuable properties were left entirely without 
fire protection. Fortunately, no fires occurred, but the fire pumps which 
maintained pressure on the sprinklers throughout the interruption of public 
supplies, gave a good demonstration of the value of a secondary water sup- 
ply for valuable properties. 


*Assistant Manager Inspection Department, Factory Mutual Fire Insurance Companies. 
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ENGINEERS’ SECTION 


FULLER & McCLINTOCK 
Engineers 


NEW YORK, 170 Broadway 


Philadelphia, Pa., Kansas City, Mo., 
Pennsylvania Bldg. Walsix Bldg. 
15th and Chestnut Streets 600 Walnut Street 


H. K. BARROWS 
M. Am. Soc. C. E. 
Consulting Hydraulic Engineer 
Water Power, Water Supply, Sewerage, 


Drainage. Investigation Reports, Valua- 
tions, Designs,Supervision of Construction 


BOSTON, MASS. 6 BEACON ST. 


WILLIAM R. CONARD 


Amer. Soc. C. E. Amer. Soc. M. E. 
A. S. T. M. 


321 High St., Burlington, N. J. 
Inspections and Tests of Materials 


Reports Designs 
Specifications 


WESTON & SAMPSON 
Consulting Engineers 
Robert Spurr Weston George A. Sampson 
Water Supply and Sewerage 
Chemical and Bacteriological 
Laboratory 
14 BEACON ST. - BOSTON, MASS. 


FAY, SPOFFORD & THORNDIKE 
Consulting Engineers 


Investigations Reports 
Engineering Supervision 


Designs 
Valuations 


Port Developments Industrial Plants 
Bridges Buildings Foundations 


Water and Sewerage Works 
44 SCHOOL STREET BOSTON 


HAZEN & EVERETT 
Civil Engineers 


SLLEN HAZEN Cc. M. EVERETT 
L. N. BABBITT 


WATER WORKS 


Design Construction Operation 
Valuations Rates 


25 West 43rd Street = New York City 


METCALF & EDDY 
ENGINEERS 


Harrison P. Eddy John P. Wentworth 
Charles W. Sherman Harrison P. Eddy, Jr. 
Almon L. Fales Arthur L. Shaw 
Frank A. Marston E. Sherman Chase 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory 


STATLER BUILDING BOSTON 


FRANK A. BARBOUR 
Consulting Engineer 


Water Supply, Water Purification, 
Sewerage and Sewage Disposal. 


Tremont Building, Boston, Mass. 


CHAS. T. MAIN, INC. 
ENGINEERS 


Industrial Buildings 
Electrical, Steam and Hydraulic Power 
Valuations and Reports 
Consulting Engineering 
201 Devonshire St. 


Boston, Mass. 


AMBURSEN DAMS 


Hydroelectric Developments 
Water Supply and Irrigation Dams 


DAMS ON DIFFICULT FOUNDATIONS 


AMBURSEN CONSTRUCTION CO. 


ncorporate: 


Room 2520, Grand Central Terminal Bld¢., 


New York 
Kansas City, Mo. Atlanta, Ga. 
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HENRY A. SYMONDS 


Consulting Engineer 


70 State St., Boston, Mass. 
WATER SUPPLY 
Surveys — Estimates — Designs 
Supervision 


MANAGEMENT AND ORGANIZATION 
EFFICIENCY REPORTS 


LEWIS D. THORPE 


Civil and Sanitary Engineer 
Water Works, Sewerage and Sewage 
Disposal 
Supervision of Construction and Operation 
6 Beacon Street 
BOSTON, MASS. 


MALCOLM PIRNIE 
ENGINEER 
Malcolm Pirnie Charles F. Ruff 


Water Supply, Treatment, Sewerage 
Reports, Plans, Estimates, 
Supervision and Operation, 
Valuation and Rates. 


25 W. 43rd Street New York, N. Y. 


THE PITOMETER COMPANY 
ENGINEERS 


Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Penstock Gaugings 


50 Church Street New York City 


735 Commercial Trust Bldg. 


Clean Corroded Pipe and Water Mains. 


Clean pipe lines deliver more water and give 
better fire protection at less cost than do 
corroded mains. 


Let us help you with your problems. 
GENERAL PIPE CLEANING COMPANY 


Philadelphia, Pa. 


CONTRACTORS 


G. FERULLO COMPANY 


General Contractors 
Specializing in Water Works 


31 NORTH SQUARE 


BOSTON, MASS. 
Telephone, Richmond 1200 
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iv ADVERTISEMENTS. 


Corrosion is the worst foe of 
most metals. Only a few can 
resist —and they are costly. 
Platinum, for instance, is used at 
enormous expense to preserve for 
yen to come the accuracy 
of the nation’s standard weights 
Washington. Tin — almost 
semi-precious metal now— i 
like platinum resists the corrosive | 


Science has found to, “orevent | 


construction. 


a way to overcome Corrosion 


be. protect against corrosion, Hersey uses the 
most expensive method employed in the 
manufacture of water meters — dipped tinning. 
Water ever present cannot corrode this thick coat- 
ing of tin. 

Clogged meters are easily cleaned if dip-tinned, 
leaving a surface as smooth and clean as new. 
Clean meters are more accurate. Because Hersey 
Water Meters are corrosion-proof and easily 
cleaned they have an accurate life that is ten to 
fifteen years longer than ordinary water meters. 

For longer life, greater accuracy, and more 
revenue — insist on Hersey Water Meters. They 
give the least trouble and the best service. 


HERSEY 


tivity, and’ Dip-tinned — these WATER ste METERS 


are Hersey features that save 
money. 


HERSEY MANUFACTURING COMPANY 
Main Office and Works: Corner E and 2nd Sts., South Boston, Mass. 


NEW YORK, N. Y., 290 Broadway DALLAS, TEX., 402 Praetorian Bid, E. 
PORTLAND, OREGON, 475 Hoyt St. HICAGO, ILL., 10 So. LaSalle St. 
PHILAD ELPHIA, 314 Commercial Trust Bldg. SAN FRANCISCO, CAL. -» 690 Market St. 
ATLANTA, GA., 510 D iiaas-Howell Building LOS ANGELES, CAL., 450 East Third St. 
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INGHAM & TAYLOR'S Sliding Type 

Service and Valve Boxes are meeting 
with the approval of many New England 
Waterworks officials. 


The cuts shown are our 
two and three piece 
sliding type adjustable 
valve boxes. 


We carry a complete 
stock on hand at all 
times. 


Wire, phone or write 
us when you are in a 
hurry for a shipment. 


€? 


Bingham and Taylor 
Corporation 


575-601 Howard Street . . Buffalo, N. Y. 
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Simple Positive Action 


Water Out 

Entire water content of meas- 
uring chamber passing from 
inlet to outlet causes one com- 
plete disc movement (“nuta- 
tion”) and consequently one 
of projecting spin- 


Water In 

Water enters disc measuring 
chamber on inlet side of a 
radial partition, its passage 
through chamber causing disc 
to move positively and project- 
ing spindle to revolve. 


Simple. Positive. Sensitive. No complicated parts. 
Water cannot pass through without causing perfect 
operation. Ask experienced water works men every- 


where. 


Pioneers in Meter Progress— 
Yesterday, TODAY, Tomorrow 


NEPTUNE METER CO. 


THOMPSON METER CORP. 
50 EAST 42ND STREET 
NEW YORK CITY 


TRIDENT 


AND LAMBERT METERS 
“Cash Registers of the Water Works Field” 
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WATCH FOR 
NO. 5 


Large Red 
Test Hand 


9 0 1 

GALLONS 

co 
9 ‘METER 


— large red test hand is of 
inestimable value in testing 
meters since its speed of travel 
and long sweep (one revolution for 
each ten gallons) makes it a sim- 
ple matter to check for inaccu- 
racies when testing meters, either 
on the premises or in the shop. 
The reading of the large hand can 
be accurately made while meters 
embodying only the small test cir- 
cle cannot be checked to such an 
accurate degree. 

Another feature of the large test 
hand is the ease with which leaks 
are detected. Close all spigots 
and watch the large red hand. If 
it moves there is positive proof 
that water is leaking somewhere 
on the premises. 


Pittsburgh Equitable Meter Co. 


Main Office and Works—Pittsburgh, Pa. 


New York City 
Seattle, Wash. 
Salt Lake City 


Tulsa, Okla. 
Chicago, Ill. 
Houston, Texas 


Columbia, S. C. 
Dallas, Texas 
Los Angeles, Calif. 


Kansas City, Mo. 


INSIDE INFORMATION 
8 
6548 
Pa 
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Certified 


Chis j is o cettif Cr 


AS ine! data developed and presented by 
i } equipment manufacturers are generally 
& ne nats accepted as reliable, and justly so. However, when tests are 


conducted and certified by disinterested engineers outside 
WORTHINGTON _ the organization responsible for the equipment tested, the 


Sx mes results take on an added interest and significance. 
f PUMPS ‘ Following are the findings in three such efficiency tests 
COMPRESSORS of Worthington Centrifugal Pumps: 
CONDENSERS 
and Auxiliaries Testing Engineers: Ford, Bacon and Davis, Inc., New York, N. Y. 
GAS ENGINES Service: Pumping crude oil with a viscosity of 120 S, U.S., 23.2 
FEEDWATER HEATERS pe gy eieecn 31,500 bbl. per day, at 395 Ib. pressure; 
Testing Engineer: Prof. Charles M. Allen, Worcester Polytechnic 


‘Literature on Request Institute 
Equipment: Two 54-inch, single-stage, vertical centrifugal pumps 
Service: Pumping river water at Rocky River Plant of Connecticut 
Light and Power Co., at sate of 571.6 cu. ft. per sec., against 
229. 67 ft. dynamic head; 16,216 shafth.p.; operating at 327 r.p.m. 


Efficiency: 91.9% 

Testing Engineer: Mr. William C. Rudd, Assistant Engineer of 
Power, Detroit Department of Water Supply 

Equipment: Two 36-inch, single-stage horizontal centrifugal pumps 


Service: Pumping Detroit water su upply. One at rate of 50,000,000 
gal. per 24 hr. against 174.29 ft. head; one rate of 70,000.000 
gal. per 24 hr., against 173.89 {t. head; operating at 514 r. p. m. 


Efficiencies: 88.5% and 86% respectively 


The organization that can design and build efficient pumps 
for such installations as these can render a useful service 
in the solution of your pumping problems. Call our nearest 
district sales office for a Worthington engineer. 


WORTHINGTON PUMP AND Mi MACH NERY CORPORATION 


Harrison, N. Holyoke, Mass. 
Executi York: N.Y: 
GENERAL OFFICES: HARRISON, N. J. 
District Sales 
Chienge Paso Lae St. Pest Seattio 
Boston Cincinnati Denver Mew Sek Late Cur 
APP \PPROVAL / Belisle Cleveland Detroit New York Louie San Washingtoo 


WORTHINGTON 
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ADVERTISEMENTS. 


The Venturi Tube 


In 1891 the Venturi Tube was new. Those Engineers who i 
knew of it hoped it would help solve the difficult problem of 4 
measuring the flow of water in large pipe lines. | 

In 1929 the Venturi Tube is accepted by Engineers as the | 
most dependable and accurate means of measuring flow through 
pipe lines. I 

It may be worthwhile, however, to summarize a few of the | 
important advantages of the Venturi Tube: | 

1. The flow is guided at all points. i 

2. The inlet and throat pressures are taken off at defin- | 

itely fixed points; the annular pressure chambers as- 
sure the use of true average pressures. ] 

3. The Venturi throat is accurately centered in relation i 

to the rest of the pipe line. | 

4. The friction loss through a Venturi Tube is the lowest | 

of any differential producer. The Venturi Meter, 
then, operates on a greater differential with less fric- | 
tion loss, and is a more powerful instrument with a | 
wider measuring range than other meters. I 

. The coefficients of the Venturi Tube have been defin- 
itely established in numerous calibration tests of ; 


tubes ranging in size from 1 inch to 8 feet in di- 
ameter. 


BUILDERS IRON FOUNDRY 


“* Builders of the Venturi since 1891’ 
9 Codding Street Providence, R. I. 
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Extra thickness in these sturdy discs 
HICKER ea than could be “gotten by with” but no thicker than neces- 


sary, the sturdy discs used in Niagara and American Water Meters assure accu- 
rate, smooth, quiet operation of the meter under all conditions. 

A meter is only as good as its component parts, and that’s the reason for the care 
and precision used in the manufacture of the + used in Buffalo-Made Water Meters. 
The following are the reasons why these discs continue their day in and day out service 
for years and years: 

1. Thickness. The added thickness found in the disc gives a liquid seal that pre- 
vents water slippage. This added thickness means Pi life. 

2. Sensitivity. The thicker disc is more sensitive to the flow of water thru the 
meter, thus the meter measures more accurately, 

3. Sturdiness. The disc is carefully reinforced with a perforated aluminum alloy 
reinforcing plate. This prevents the disc from breaking under any unusual 
service conditions. 

4. Balance. The flat type disc is inherently in balance—thus assuring longer life 
and unfailing accuracy of the meter. 


The disc used in Niagara and American Water Meters is moulded of hard rubber. 
Hard rubber is non-corrosive and buoyant. It is carefully machined twice with diamond 
tools to a precision tolerance of .oo1”. On endurance tests the disc has run for months 
ata we» of fifteen movements per second without appreciable wear. 

A great many years of study was necessary to the perfection of Niagara and Amer- 
ican Water Meters — years of trial which assure you in advance that the tax payers’ 
dollar will be a dollar invested in a lifetime of service and satisfaction. 

Specify Niagara and American Water Meters when your municipality is in the mar- 
ket. There will be no regrets in the years to come. 


Buffalo Meter Co., 2896 Main St., Buffalo, N. Y. 
IAGARA on/AMERICA 


BRONZE CASE 


Water Meters 


ADVERTISEMENTS. 


King F. P. Water Meter 


It has taken sixty 


years experience 
to build water 
meters the UNION 


way. 


Union Water Meter Co., Worcester, Mass. 
New York: 50 Church St. Philadelphia: 424 Bulletin Bldg. 


UNION 


Water Meters - Easy Turning Stops - Chronometer Valves 
Presses for Lining Pipe - Pressure Regulators - Alarm Signals 
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s Your Pressure Low? 
Are You Short on Pumping Capacity? 


Do You Know Where Your Water 
Goes ? 


UR Engineering Department will 
tell you how to determine your 
water distribution, how to find out 

whether or not new mains are required, 
etc. Wecan supply you with the means 
for: — 


1, Checking up pump performance and deter- 
mining slippage due to leaky plungers, 
defective valves, short stroking or other 
causes, 


“2, Measuring delivery of centrifugal pumps 
and figuring whether or not the station is up 
to efficiency, 


3. Distributing proportionately the cost of 
water supplied to several districts, 
Checking up the performance of filter beds, 

5. Detecting waste or pipe leakage, 


6. Recording daily amounts of sewage handled 
” _ and planning future extensions, etc., etc. 


THE SIMPLEX METER 


VENTURI, PITOT TUBE OR ORIFICE TYPES 


i te importance of exact measurements by means of a Simplex Meter can- 

not be over emphasized. Mr. Jeffries, Chairman of the West Chester, Pa. 
Water Works Committee, was able, by checking the performance of his pump- 
ing engine with a Simplex Meter, to discover that due to the imperfection and 
wear in the valves the slippage amounted to 300,000 gallons of water per day. 
This represented a daily loss of $30.00, or in other words a daily saving of 
$30.00, or $900.00 per month, when the valves were put in order. The Simplex 
Meter thus paid for itself in a month’s time. 


Frequent repeat orders from satisfied customers who formerly used other me- 
ters are the best evidence of merit of the Simplex Meter. 


We have had many years’ experience in solving water flow problems involving 
all sorts of conditions, and we are at all times prepared to submit general lay- 
outs involving cost and capacity, and to make explicit and complete recom- 
mendations. Write for Bulletin N26. 


SIMPLEX VALVE AND METER COMPANY 


Manufacturers of Meters for Water, Sewage, and Other 
Liquids, Rate Controllers, Automatic Air Valves, Regu- 
lating Valves, and Hydraulic Apparatus of Special Design. 


6757 UPLAND STREET PHILADELPHIA, PA. 
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“WATCH DOG WATER METERS | 


DISC, CURRENT AND COMPOUND TYPES 


Inquiries Solicited 


GAMON METER COMPANY 
NEWARK NEW JERSEY 
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METERS 
NASH 


A DISC METER 


We have been making disc meters for over forty years. 
In fact, our Engineer, Lewis H. Nash, was the first 
in this country to perfect the nutating disc principle 
as a water measuring device. The first breakable 
frost base ever used on a meter was on our NASH 
of 1888. The NASH also had the first reinforced 
conical disc. 'The NASH has been a leader since its 
first appearance, and is still the best disc meter at 
any price. 

The NASH is an all bronze meter, with every worth 
while modern improvement. It is accurate, strong, 
and thoroughly reliable in every particular. Made 
in both frost and non-frost models. 


Let us send you fully descriptive 
NASH circular. Ask for No. 204. 


NATIONAL METER COMPANY 
299 Broadway, New York 
New England Branch, 287 Atlantic Ave., Boston, Mass. 


Chicago Cincinnati San Antonio Atlanta 
Houston San Francisco Los Angeles 
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ADVERTISEMENTS. 


WHAT 
is aWater 


Meters Work, 


It is that of a silent guardian continuously on duty — 
24 hours daily, every week, month, and through- 
out the years. It must be accurate, measur- 
ing for you the dollars expended for water, 
distributing lines, pumps, power or fuel. 


= - Regardless of capacity demand, climatic —_ 
: changes or water conditions, it is es- ' 
sentially a guardian of your possi- 
ble earnings on invested capital. 


. No better guardian has yet been 
developed than a Badger Water 
Meter. 


May we send you detailed 
Bulletin? 


BADGER METER MANUFACTURING Co. 
MILWAUKEE, WISCONSIN 


Branch Offices: Branch Offices: 
New York City Kansas City, Mo. Los Angeles, Calif. Chicago, Ill. 
Cincinnati, Ohio Seattle, Wash. 


METERS 
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MUELLER Corporation Stop G-10001 


Service you can rely upon— 
Each MUELLER Stop is built as a anit! 


key is ground into its own body 
— special grinding compounds and 
methods insure a smooth, leak-proof 
surface. Key and stop are never made 
separately and then assembled! Add 
to this the fact that all MUELLER 
bronze wear is made only from virgin 
metal and you will realize why better 
than 85% of water works specify 
MUELLER by name. 
The design shown above is for wipe 
joints. The one below, for lead flange 
joints which provide a perfect connec- 


tion without the inconvenience and 
expense of wiping. 

All MUELLER bronze wear is pro- 
duced to laboratory control of copper 
content—insuring a non-porous texture 
of great fineness. Let us send you 
full particulars — MUELLER quality 
means lower costs in the long run. 


MUELLER CO. (Established 1857) 
Decatur, Illinois. Branches: New York, 
Atlanta, Dallas, San Francisco, Los An- 
geles. Canadian Factory: MUELLER, 
Limited, Sarnia. 


MUELLER Corporation Stop G-10002 


MUELLER 


CORPORATION STOPS for MUELLER Tapping Machines 
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ATTENTION 


WATER WORKS 
OF NEW ENGLAND 


A few reasons why we solicit your inquiries on Water-Works 

Pumping Equipment: 

First. — We make a specialty of furnishing Complete Water-Works 
Pumping Units of all types. 

Second. — Total responsibility of installation is assumed by us. 

Third. — We relieve the purchaser of every detail and turn the 
complete unit over to him under actual operation and with 
guarantee. 

Fourth. —Every unit installed to date has exceeded its guarantee 
and has been completely accepted. 


Remodeled Pumping Station at Bridgewater, Mass., completely in- 
stalled by F. A. Mazzur Co., Inc. Barbour & Dixon, Eng’r’s. 


F. A. Mazzur Co.,, Inc. 


141 MILK STREET, BOSTON 
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XViii ADVERTISEMENTS. 


Specify 


MINERALEAD 


The Most Satisfactory 
Jointing Material for 
Bell and Spigot Water Pipe 


Because 


From the engineer’s viewpoint: 
It insures permanent tight joints at a 
minimum cost. 
From the contractor’s viewpoint: 
Its greater convenience means faster 
work and more profit. 


Manufactured by 


The Atlas Mineral Products Company 


of Pennsylvania 
Mertztown Established 1892 Pennsylvania 


Manufacturers of G-K Sewer Joint Compound, 
the original bituminous joint for terra cotta pipe. 


Distributed in New England by 


FRED A. HOUDLETTE & SON, Inc. 
40 CENTRAL STREET BOSTON, MASS. 
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STARKWEATHER @ BROADHURST 


INCORPORATED 


Engineers and Contractors for 
Water Works and Sewage Pumping Plants 


79 MILK STREET, BOSTON HANcocK 4530 


UNIVERSAL 
CAST IRON PIPE 


The Central Foundry Company 
Graybar Building, 420 Lexington Ave. 
NEW YORK CITY 


CHICAGO BIRMINGHAM DALLAS SAN FRANCISCO 
332 S. Michigan Ave. Comer Bldg. Praetorian Bldg. Rialto Bldg. 


GET THIS 
VALUABLE 
HAND 

BOOK 


O’BRIEN HYDRANTS A 
hand- 
Undergo Many Inspections of 
HE illustration shows the famous : methods for 
O’Brien Hydrants undergoing setting meters 
final tests under pressure before , at the curb, 
final approval. This is the last of a ag ‘ or in base- 
long series of such tests during the = ments, and 
processes of manufacture which ert’ gare’ of testing 
involves a considerable amount " i water me- 
of work and expense. However, ters. 
we know that only in this man- % 


ner can the high standards of the Che FORD METER 


cities in which these hydrants F 
are today standard be surely Re. BOX COMPANY 
met. WABASH ~INDIANA 
i Bi: WATER METER SETTING & TESTING EQUIPMENT 
- The Ford Meter Box Co., 
WORKS Wabash, Ind. 
PPLIES Send catalog. 


Name 
THE A.P.SMITH MFG.CO. £ast Orange NJ 
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ULL 


MURRAY 
IRON WORKS CoO. 


(INCORPORATED 1870) 


BURLINGTON, IOWA, U.S. A. 


Builders of High Duty 
Pumping Engines 


Murray High Duty Crank and Fly Wheel Pumping Engine, 
Opposed Type 


STARKWEATHER & BROADHURST, INC., 
79 MILK STREET, BOSTON 

will be glad to show you the superior design and 
excellent workmanship of the new 3 M.G.D. 
Murray Pump in the Arlington Pumping Station 
of the Metropolitan District Commission. Excep- 
tional operating results are being obtained as shown 
by the official duty test which exceeded the guar- 
anty by a substantial amount. 


PLEASE SEND US YOUR SPECIFICATIONS AND CALLS FOR BIDS 
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¥ 


Fairbanks-Morse Horizontal Trash Pump direct- 
connected to Fairbanks-Morse Ball-Bearing Motor 


Now a great advance 
in sewage pumping 


For the first time a pump has 
been designed that will handle 
fluids containing the fibrous and 
stringy matter found in sewage — 
without clogging, without prelimi- 
nary screening, and 


the enclosed type, foreign matter, 
in passing through, does not come 
into contact with stationary side 
plates, but is promptly discharged 
through one of the large ports 
into the pump case. 


without the excessive 
power consumption 


This pump was designed 


In this way power is 
conserved and effi- 


that characterizes the 
less satisfactory open 
impeller type of 
pump. 

The secret of this 
pump’s success lies in 
the design of the 
simple two-blade im- 
peller. The blades of 
the impeller have 


well-rounded entering ends and 


by Mr. A. B. Wood who 
has been serving the city 
of New Orleans and other 
municipalities in the ca- 
pacity of consulting engi- 
neer. It was originated 
by Mr. Wood to cope with 
the very unusual sewage 
problems found in New 
Orleans and met with 
immediate success. 


finements 


ciency increased. 
Fairbanks-Morse 
Trash Pumps are 
made in two types, 
horizontal and verti- 
cal. They are rug- 
gedly built to cope 
with severe service 
and at the same time 
they possess such re- 
as ball bearings, 


are well filleted with the shrouds 
or sides. Thus a rag or other 
trash does not find sharp projec- 
tions on which to catch and cause 
clogging. Since the impeller is 


smoothed fluid passages, and 
other marks of quality construc- 
tion. 

Ask for bulletins giving com- 
plete details. 


FAIRBANKS, MORSE & CO., Chicago 


28 branches in principal cities at your service. 


FAIRBANKS - MORSE 


PUMPS DIESEL ENGINES - MOTORS 


4 
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DELAVAL CENTRIFUGAL PUMPS 


For Pumping From Driven Wells 


B* the use of our automatic priming system, any number of such wells can be 
pumped by our De Laval Centrifugal Pumps even when in the dry season a 
considerable suction lift exists. The illustration below shows two motor driven 
vacuum priming pumps with automatic control panel and vacuum tank serving two 
sand chambers from which multistage centrifugal water works pumps take their 
suction. Each sand chamber takes its supply from fifty—214” driven wells. 


The reciprocating pump in the foreground was already in the plant and is 
now connected as a standby only. 

This system continuously removes all air entering with the water and the 
station becomes fully automatic in operation without any danger of pumps starting 
up without priming or losing their priming due to unusual air leakage. 


TURBINE EQUIPMENT CO. OF NEW ENGLAND 
80 Federal St., Boston, Mass. Phone LiBerty 5993 


Engineers and Contractors for complete 
De Laval Waterworks Pumping Equipment 


Write us for full details and specifications. 
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, 
High Waters of the Mississippi River in Louisiana 


SPRINGTIME ~ 
is FLOOD TIME 


Continuous Chlorination 
Will Safeguard Your Water Supply 


Every Spring ‘‘old man river” starts his annual 

rampage—dealing death and destruction to the 

“The Only SafeWater unprepared. With the first thaws of Spring comes 
isa his warning! . . . Will you be ready? 

Sterilized Water”’ 


Willyou beready to overcome the gross pollution 
that the flood will bring to your water supply? 


Will you be ready with W. & T. apparatus and 
Liquid Chlorine to destroy the microbes of dis- 
ease and eliminate the danger of water-borne 
epidemics? 


W. & T. are ready! . . . Why wait for the flood. 


WALLACE & TIERNAN CO., INc. 


Manufacturers of Chlorine Control Apparatus 


BALTIMORE, BOSTON, BUFFALO, CHARLESTON, CHARLOTTE, CHATTANOOGA, CHICAGO, N EWARK 
CLEVELAND, DALLAS, DENVER, DETROIT, INDIANAPOLIS, JACKSONVILLE, KANSAS v2 
CITY, KNOXVILLE, LEXINGTON, LINCOLN, LOS ANGELES, MINNEAPOLIS, NEW YORK, 
OGDEN, OKLAHOMA CITY, PHILADELPHIA, PITTSBURGH, ROANOKE, SAN FRANCISCO, NEWJERSEY 
SEATTLE, SPOKANE, ST. LOUIS, SYRACUSE. WALLACE & TIERNAN, LTD., TORONTO, 

WINNIPEG, CANADA. WALLACE & TIERNAN, LTD., LONDON, ENGLAND 
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Biggs Electrically Welded Steel Pipe is | 
Manufactured Under Procedure Con- 
trol, Insuring a Uniform Product 


This illustration shows a Biggs automatically welded 
pipe section of 1/2” steel plate, 48” in diameter and 
10 feet long, being subjected to 1000 pounds’ hydro- 
static pressure. The test is being witnessed by In- 
spectors Conard, Anderson and Marshall, represent- 

ing the cities of Boston, Detroit and Philadelphia, 
respectively. During the test the 1-1/4” thick con- 

cave head completely reversed itself. The pipe shell 

was materially distorted, but the automatic elec- 

trically welded seams held perfectly — they never 

even sweat. The section was afterward subjected to 

1250 pounds’ pressure in an attempt to test the pipe 

to destruction, but with the same gratifying result. 

@ Biggs Electrically Welded Steel Pipe, 30” to 72” 

diameter, is in service on numerous important 

municipal water works projects. We should be 

pleased to discuss your present or pending require- 

ments. Literature upon request. 


THE BIGGS BOILER WORKS COMPANY 


(30” and larger steel pipe, welded or riveted) 
Seneca and Kent, Akron, Ohio 
New York Chicago Detroit 


BIGGS 
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CAST IRON PIPE 


IPE Bell and Spigot—Sand Cast—Modern Weights 
Sizes: 114 through 12 inches. Lengths to 16 feet 


Boston stocks. Furnished with or without Precalked Joints 
Eastern Office: 


McWane Cast Iron Pipe Company 


Sales Representatives: 
FRED A. HOUDLETTE & SON General Offices: BIRMINGHAM, ALA. 


40 Central Street, Boston 
Eastern Mass., Me., N. H. Foundries: BIRMINGHAM, ALA., PROVO, UTAH 


Main’s Hotcoating for the inside of standpipes and water 
tanks, will stop all pitting and corroding, and is guaranteed 


for seven years. 
Also 
Main’s Coverall Salt Air Paint, for the outside of standpipes 
and water tanks, guaranteed for four years. 


M. B. MAIN Box 189, Somers Point, N. J. 


RED BRASS NIPPLES 


Standard and Extra Heavy 
85% Copper Content Guaranteed 


Diameters from 3/s” to 4” inclusive. 
In stock, ready for 24-hour shipment. 


Order through your Jobber, or write us direct 
for name of nearest distributor. 


WARE COUPLING & NIPPLE CO. 
WARE, MASS., U.S. A. 
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Corrosion of Iron and Steel Water Pipes 
Information on this subject is desired by the Committee recently 
appointed by the Association ‘‘to Collect and Correlate Informa- 
tion Concerning the Corrosion of Iron and Steel Pipes and Stand- 
pipes.” Members are urged to send data relating to the char- 
acteristics of the metal, the soil, the water and the protective 
coatings and to the history and condition of such supply mains 
(not service pipes) to the undersigned for the use of the Com- 
mittee. CALEB MILLs SAVILLE, Chairman. 

1026 Main Street, Hartford, Conn. 


NICHOLAS ENGEL 
JOHN FOX @ CO. 
CAST IRON 
WATER @ GAS PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


WOOLWORTH BUILDING 233 BROADWAY 
NEW YORK CITY 


HIGHEST AWARD, GOLD MEDAL, 
ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Wakefield Mass. 


Vag 
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PIERCE-PERRY CO. 


SUCCESSORS TO 


GEORGE E. GILCHRIST CO. 
JOBBERS OF 
Heating and Plumbing Supplies 
Steel, Wrought Iron and Brass Pipe 
Water Works Materials 


DISTRIBUTORS OF 


Hoffman Valves and Controlled Heat Equipment 
236 Congress Street, Boston. 


We Carry in BOSTON STOCK for Immediate 
Shipment 
CAST IRON BELL AND SPIGOT 
WATER PIPE AND FITTINGS 
FLANGED PIPE in full and short lengths 
WROUGHT PIPE 
FRED A. HOUDLETTE & SON 
(Incorporated) 
40 Central Street, Boston, Mass. 


Quotations furnished promptly for shipment 
from Foundry 


SUMNER & DUNBAR 
Manufacturers of and Dealers in 
S. & G. Water Works Brass Goods 
Byers’ Wrought Iron Pipe 
Service and Valve Boxes 
Cast Iron Pipe and Fittings 


12-18 Pittsburgh Street - - Boston, Mass. 


Telephone, Liberty 1350 


CEMENT LINED SERVICE PIPE 
With Specially Adapted 
Lead-lined Fittings 


Also Curb Cocks which eliminate Iron to 
Brass Corrosion both inside and out. 


CEMENT LINED PIPE CO. 
LYNN, MASS, 


Water Works Contractors and Supply Houses! 


Your card may be inserted as above at a rate of $12 per year. 


A Classified 
Directory 


of Advertisements is 
arranged for your con- 
venience in the back 


of this Journal. 


Buffalo Type 


Service Boxes 
Valve Boxes 


Clark Type 


Service Boxes 
Valve Boxes 
Valve Housings 


The Clark Meter Box 
The Clark Meter Tester 


Send for 


H. W. CLARK CO. 


MATTOON, ILL., U.S.A. 
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MATHEWS 


(Reg. U.S. Pat. Off.) 


FIRE HYDRANTS 


For Standard and High Pressure Service 


Mathews Hydrants are simple in 
construction; hence durable, easily re- 
paired, and maintained at low cost. 

A real Frost Case makes Mathews 
Hydrants completely frost proof, and 
with an easily installed 


Extension Section 


makes the Mathews readily adaptable 
to new grades and conditions. 


Water Works Gate Valves 
Valve Boxes— Indicator Posts 


CAST IRON PIPE 
FITTINGS 
“Sand - Spun” centrifugally cast pipe 


Cast in refractory molds 
No chill—Standard bell and beaded spigot 


R. D. WOOD & CO. 


PHILADELPHIA, PA. 
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NNEDY 


VALVES~PIPE FITTINGS~FIRE HYDRANTS 
~ 
Open or closed — 


always dependable 


TS men who operate Kennedy Valves 
know they can always be depended 
upon to close tightly, release promptly, 
and respond to every service demand. 
For half a century and in thousands of 
plants, Kennedy Valves of every type and 
size have been demonstrating these 
characteristics and establishing the 
had reputation for thorough relia- 
ility 


Kennedy products include gate, globe, 


angle and check valves for every water 
works service. 


Send for catalog 


THE KENNEDY VALVE MFG. CO. 
Elmira, N. Y. 


Branches in Principal Cities 
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Automatic Pressure Control Valves 
Feed Water Filters 
Portable Fire Hydrant Heads 
Hydraulic Engines 
Hydraulic Booster Pumps 


ROSS VALVE MFG. CO., INC. TROY, N. Y. 


ESTABLISHED 1879 


Health and Protection First 


Water delivered through dirty pipes 
may be a MENACE. 


Incrusted water pipes mean inefficiency 
and loss of Fire Protection. 


We Guarantee the Results of Our 
Method of Cleaning. 


WRITE US. 


National Water Main Cleaning Co. 
50 Church Street New York City | 


HAYES PUMP AND MACHINERY CO. 


94 PEARL ST., BOSTON, MASS. 


Pumping Plant Contractors 


CENTRIFUGAL, POWER, STEAM PUMPS 


STEAM TURBINES ELECTRIC MOTORS 
WATER WHEELS OIL ENGINES 
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LUDLOW VALVE MFG, CO, 


MANUFACTURERS OF 


VALVES and FIRE HYDRANTS 


This hydrant is anti- freezing, because 
when the drainage is good no water is left 
in it to freeze. 


The drip is directly in the bottom of the 
hydrant and drains perfectly. It is protected 
by its valve, which never leaves its socket 
and cannot be clogged. 


VALVES, HYDRANTS. 
ALSO CHECK 

VALVES, YARD, WASH, 
FOOT AND FLUSH 


VALVES. HYDRANTS. 
SEND FOR CIRCULARS 
OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


BRANCH OFFICES: 


NEW YORK PHILADELPHIA BOSTON PITTSBURGH CHICAGO KANSAS CITY 
62 GOLD sT. HARRISON BLOG. 1112 TREMONT BLOG. ISTNAT. BANK BLOG. THE ROOKERY R.A.LONG BLOG. 


The Knuckle Joint Principle in Genuine 
‘*Rensselaer’’ Improved ‘‘ Corey’’ Fire 
Hydrants—Means Ease of Operation 


BECAUSE this principle gives great power to open or 
close the gate just when it is needed, and speed in 
movement when power is unnecessary. 

The first turn of the spindle, when the gate is open, 
moves the valve nearly two inches, after which the speed 
decreases and power throughout the knuckle joint in- 
creases, until at the time of closing the valve moves scarcely 
one-sixteenth of an inch at each turn of the spindle, elim- 
inating danger from water hammer when closing hydrant. 

The gate is closed very tight with slight application of 
power to the wrench by the operator. The drip valve 
in the Corey Fire Hydrant prevents freezing. No accident 
or damage to property can occur with this hydrant by 
flooding the streets where runaway teams or other accident 
breaks off or otherwise injures the hydrant standpipe, if 
hydrant was properly closed at time of accident. 

It will be readily seen that the hydrant gate is held in 
position when shut by the four arms forming braces between 
the back of the hydrant and the seat, consequently the 
hydrant barrel can be broken completely off above the 
ground, but the valves remain tight. 

Write for copy of our Hydrant Book No. 9. 


CHARLES L. BROWN, 
New England Sales Manager, Lock Box 2, Northboro, Mass. 
RENSSELAER VALVE COMPANY 
TROY, N. Y. 
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CHAPMAN 
VALVE MANUFACTURING 
COMPANY 


Manufacturers of 


Gate Valves Drip Valves 
Gate Fire Hydrants 
Corporation Cocks Curb Cocks 


Anderson Couplings 
Lead Pipe Connections 


WRITE FOR OUR WATER-WORKS CATALOG 


Main Office and Works 
Indian Orchard, Mass. 


BRANCH HOUSES 


BOSTON, MASS. NEW YORK CITY PHILADELPHIA CHICAGO 
141 High St. 180 Lafayette St. 1011 Filbert St. 116 N.Jefferson St. 


Trade 
| 

Mark 


ADVERTISEMENTS. 


Type of Eddy 
drant Popularly 
™ Used 


Has its distinctive and individual features. The 
double disk gates are free to adjust themselves in 
different positions every time the valve is closed, 
thereby keeping smooth and tight faces. And two 
bronze hooks on the ball loosely engage with the 
gates to prevent them from spreading at the top. 


More Than Sixty Years of 
Experience Goes Into All 


Hydrants and Valves 


BUILT TO MEET EVERY EXACTING REQUIRE- 
MENT OF WATER-WORKS SERVICE 


Practical water-works men instantly recognize the 
superior features of Eddy products. For instance, 
with the hydrant. 


A damaged valve can be replaced in a few minutes — Water 
hammer is avoided by the valve closing against the pressure 
- ~ use of the cut-off under the valve, which gradually 
closes it — 
Stems cannot be bent in closing the hydrant. 
Nothing can lodge on the valve seat to prevent closing of 
the valve — 
The Drip Rod can be removed without interfering with 
the hydrant in any manner — 
The position of the stem of the hydrant indicates accurately 
the position of the valve — 
Whatever can pass the valve opening will pass the stand- 
ipe — 
o frost case necessary — 
All of these points are explained thoroughly in our catalogue, 
which will pay you to study. 


The Eddy 
Valve, Too 


The center bearing gates are forced to their seats 
with equal pressure at all points. There is a good 
deal more worth knowing about Eddy Valves. 
Further details will be sent for the asking. 
Other Eddy Products 

The Eddy line of water-works products also 

includes horizontal and vertical check valves, 

foot valves, hydraulically operated valves, in- 

dicator its, etc. 

All goods made by the Eddy Valve Compa 

are manufactu exclusively at Waterford, 

New York. 

WRITE FOR CATALOGUE 


EDDY VALVE COMPANY 


WATERFORD, N. Y., U. S. A. 
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EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MANUFACTURERS 


weAND . 


Special Castings for Water and Gas. 
Also Flange Pipe, Street Castings, 
Manhole Heads and Covers, etc. 


EMAUS, 
J. G. EBERLEIN, President and Treasure. LEHIGH COUNTY, PA 


J. M. GILBERT, Secretary. 


The “BEST” Cast Iron Curb Box 


Top section is interchangeable with the “Slide Type” Buffalo Box 


“CALDWELL” Water Works 
Brass Goods, Curb and 
Valve Boxes 


None better and few as good | 


GEORGE A. CALDWELL CO. 


Mattapan Square 
BOSTON, MASS. 
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EDSON 


TRAILER 


PUMP UNIT 
IS 


Light 
Compact 
Efficient 


WRITE FOR 
CATALOGUE T 


EDSON 


MFG. CORP. 


49 D STREET 
SOUTH BOSTON, MASS. 


Warren Foundry and Pipe Co. 
(Formerly Warren Foundry and Machine Co.) 
SALES OFFICES 
11 BROADWAY, NEW YORK 


201 DEVONSHIRE ST., BOSTON, MASS. 
Telephone, Liberty 9398 


CAST IRON PIPE 


Bell and Spigot Flanged Pipe 
Special Castings 
Flexible Joint Pipe 


Cylinders 


Gas Culverts 


Works, Phillipsburg, N. J. 
LARGE STOCK ENABLES US TO MAKE QUICK SHIPMENTS 


Water Sewers 
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Louisville, Ky. has used 
LEADITE for jointing 165.82 
Miles of Water Mains 


In fact, since 1923 the 
Louisville Water Co., Louis- 
ville, Kentucky has used 
LEADITE “exclusively” 
for jointing cast iron water 
mains varying in sizes up to 
and including 48”, working 
pressures from 90 Ib. per 
sq. inch down. 

The reason why the 
Louisville Water Company 
has used LEADITE exclu- 
sively since 1923 is probably 


best explained in a recent 
letter from Mr. John Cham- 
bers, Chief Engineer and 
Superintendent, which reads 
in part as follows: 


“These water mains have 
been in service six years and 
less and the joints are tight. 
Some of the lines were 
tested by the Pitometer 
Company of New York and 
no appreciable leakage was 
found.” 


“T consider LEADITE 
perfectly satisfactory as a 
joint material for cast iron 
bell and spigot pipe. The 
best that I can say for the 
material is that the Louis- 
ville Water Company in- 
tends to continue its use.” 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 30 years. 
Saves at least 75% 


, THE LEADITE COMPANY 


Land Title Bldg. 


Philadelphia, Pa. 
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National-Boston Lead. Co. 
800 Albany St., Boston 


Agents for 


The Celebrated ‘“‘ULCO”’ 


LEAD WOOL 


(Every Atom Pure Lead) 


For calking pipe joints under the most 
difficult conditions. 

For overhead joints, or in wet places 
where the use of molten lead is not only 
impracticable but dangerous — LEAD 
WOOL may be used to advantage. 


It makes an absolutely tight joint which 
will withstand the highest pressure, yet be 
sufficiently elastic to allow considerable 
sagging or settling of the pipe without 
danger of a leak. 

As compared with the poured joint, in 
this respect, the superiority of LEAD WOOL 
is apparent. 


Manufacturers of 


Lead Pipe, Tin Lined Lead Pipe, Pure Block-Tin 
Pipe, Solder, White Lead and Red Lead. 


HIGHEST QUALITY SOFT BRANDS 


PIG LEAD 


— 
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Joints that are Stress and 
Vibration Proof 


Unusual situations often met in laying bell and 

spigot pipe — lines over bridges or railroad cross- 
ings —lines to be lowered to grade—are suc- 
cessfully met when the joints are made with 
Hydro-Tite. 


Easy The 8-in. line pictured above is slung across Easy 
to a pond with cables —a span of more than Pris 
Prepare fifty feet. -” 


Every test shows that Hydro-Tite joints 
will remain perfectly tight when sub- 
jected to severe vibration or deflection. 
If you have never used Hydro-Tite 
let us tell you more about it. Re- 
quires no caulking —19 years of 
proven dependability — a real 
75% saving and an ever-increas- 
ing list of satisfied users. 
Write for literature and further information. 


HYDRAULIC DEVELOPMENT CO. 
50 Church St., New York, N. Y. 


BOSTON OFFICE & WORKS CHICAGO OFFICE 
296 Boylston St. 7 So. Dearborn St. 
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NOISNI1LX3 
UILVM 8 SVD 40 MBIA WNOILIIS 


GOY 440-LAHS OWINYM 40s AIX 


Hays 


Mfg. Co., 


Corporation 


and 


Curb Cocks 


We have them to meet 
every requirement 


ORIGINAL 
‘““Hays-Erie”’ 


Extension Service Boxes 
of proven advantages 


Let us send at our risk, on 
30 days’ trial, a ; 


Payne’s Patent 
Tapping 
Machine 


which is recognized to be 
the most easily operated 
owing to the few working 
parts. 


ERIE 
PENNSYLVANIA 


Established 1869 j 
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UNDER 
GROUND— 
OR ABOVE 


When pipe resists all five of the major forces 
that tend to lower pipe endurance, it’s bound to 
be good. That's what Reading 5-Point Pipe does 
—and that's why Reading 5-PointPipe effects such 
remarkable economies in water works service! 


Behind Reading 5-Point Pipe stands the indispu- 
table record of the years—for Reading 5-Point 
Pipe is made of Genuine Puddled Wrought Iron, 
the same time-tested material that has proved its 


worth through long ages of use. An overwhelm- 
ing mass of evidence attests the fact that Reading 
5-Point Pipe lasts for generations—under ground 
or above! The Reading 5-Point emblem and the 
Reading indented spiral mark protect you from 
substitutes. 


READING IRON COMPANY, Reading, Pa. Ae 
Atlanta - Baltimore - Cleveland - New York - Philadelphia SS 
Boston - Cincinnati - St.Louis - Chicago - New Orleans 
Buffalo - Houston - Tulsa - Seattle - Sanfrancisco 
Detroit - Pittsburgh - - + Los Angeles - Kansas City 


GENUINE PUDDLED WROUGHT IRON 
READING PIPE 
DIAMETERS RANGING FROM VQ TO 20 INCHES 


"AREADING/ 
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GOLDEN-ANDERSON 


Patent Automatic Cushioned 
Controlling Altitude Valves 


We have enlightened many a water user in 
municipalities, in industrial plants and on 
railroads, as to the adaptability of these 
Golden-Anderson Valves, and as to their 
function of SAVING, and of eliminating 
troubles. 
For automatically maintaining Uniform 
Stage of Water in Tank, Reservoir or 
Standpipes. Doing away with the annoy- 
ance of Freezing and Float Fixtures inside 
or outside of Tanks. 
“*Three Ways of Closing These Valves"’: 
lst —Automatically, by water. 
2nd—By Electricity, if desired. 
3rd—By Hand 
May also be arranged to automatically close - 
when a break occurs in the mains. When 
necessary they may be so connected as 
‘‘work both ways"’ on a single line of pipe. 
No valves or fixtures inside or outside. 
Remember! 
** HOSTS OF REFERENCES” 
Valves cushioned at all times by air 
and water 
No water hammer or bursting mains 


“Made with stop starter 
attachment for centrifugal 
pumps” 


GOLDEN-ANDERSON 


Pat. Automatic Cushioned 
Water Pressure Reg- 
ulating Valves 
1. Maintain a constant 
reduced pressure re- 
gardless of fluctuations 

on high pressure side. 

2. Perfectly Cushioned by 
water and air. No 
metal-to-metal seats. 

3. The best valve made 
for maintaining a con- 
stant low pressure 
where consumption is 
continuous. 

4, Operates quickly or 
slowly as required — 
Noattention necessary. 

5. Positively no hammer- 
ing or sticking. 


Sizes 
to 24 in. 


GOLDEN-ANDERSON 


Patent Automatic Cush- 
ioned Controlling Float 
Valves 
They carry a_ constant 
water level in feed water 
heaters by perfectly con- 
trolling the flow of makeup 

water. 

Operated by protected en- 
closed copper float. 
Cushioned by both air and 
water. 

Operate without hammer- 
ing, sticking or chattering. 
No_ metal-to-metal seats. 
Made angle or straightway. 

Sizes 1 in. to 24 in. 


GOLDEN-ANDERSON 
Patent Automatic Double Cushioned 
Check Valve 


GOLDEN-ANDERSON 
Pat. Automatic Cushioned 
Water Float Valves 


Sizes to 24 in. 


1. Automatically Maintain Uniform Water 
Levels in Tanks, Standpipes, etc. 


Angle 
or Globe 


2. Instantly Ad- 
justed to Operate 
Quickly or 
Slowly. 

3. Floats Swivel 
to any Angle — 
Most Satisfactory 
Float Valves 


No Water Ham- 
mer or Shock. 

5. Cushioned by 
Water and Air. 


Sizes to 24 in. 
Angle or Globe 


Automatically 
prevents reverse 
flow of pressure. 

Perfectly cush- 
ioned to prevent 
shock or hammer. 
Especially 
adapted for water 
works to prevent 
disastrous reverse 
flow of pressure 


obtained. 


a Golden-Anderson Valve Specialty Co., 1325 Fulton Bldg., Pittsburgh, Pa. 
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Do this mueh for the health 
of your community..... 


is more important to the health of your city 
than water ?...You build huge storage systems to 
provide plenty for everyone. You take elaborate pains 
to guard its purity. Yet, in spite of this, in many houses 
water comes from the faucets contaminated...with rust! 


Two ways to end this rust menace lie within your 
power. First, you can use rust-proof service pipe of 
Brass or Copper. Second, you can urge property owners 
to install Brass pipe or Copper tubing in their homes at 
the time of building. Used in both places, Brass or Cop- 
per assures a full, constant flow of clear, healthful water. 


Brass pipe and Copper tubing are not only the most 
satisfactory forms of household plumbing, they are 
also the most economical. Although their first cost is 
slightly higher than that of corrodible pipe, their long 
life and immunity to deterioration make them de- 
cidedly economical in the long run. 


This association will be glad to supply full informa- 
tion about Brass pipe and Copper tubing, or cooperate 
with you in any efforts you care to make toward further- 
ing their use in the homes of your community. 


COPPER & BRASS 


RESEARCH ASSOCIATION 
25 Broadway, New York 
Midwestern Office: Canadian Office: _ Pacific Coast Office: 
Landreth Building 67 Yonge Street Architects Building 
St. Louis, Mo. Toronto, Ont. Los Angeles, Calif. 
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This water-cooled metal mold 
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which is strong and flexible 


Examine a section ofdeLavaud 
cast iron pipe and note the 
fine and even grain of the 
metal. Laboratory tests have 
shown that because of this 
structure, deLavaud pipe com- 
bines flexibility with at least 


25% greater strength. 


The reason for the fine granu- 
lar structure of deLavaud pipe 
metal is due to its unique 

rocess of manufacture. de 
Lenand pipe is cast in a rapid- 
ly revolving cylindrical mold. 
This mold is cooled 


the abrupt change of tempera- 
ture brings about the uni- 
formly fine division of the iron 
particles. 


Immediately upon leaving the 
machines, every length of de 
Lavaud pipe is placed ina 
large annealing oven. Here 
accurately controlled heat fur- 
ther improves the metal, elimi- 
nating all possibility of casting 
strains, and bringing about the 
flexibility and strength that 
only deLavaud pipe can offer. 

Let us send you the 


by a specially con- 
jack- 
et. When the molten 
iron comes in con- 
tact with the chilled 


deLavaud hand- 
book which con- 
tains complete 
information about 


deLavaud pipe and 


surface of the mold, 


fittings. 


United States Pipe 
and Foundry Co., Burlington, New Jersey 


Philadel; Cleveland Chicago Birmingham Minneapolis San Francisco 
Los Angeles 


Sales O; 
~ aa Buffalo Dallas Kansas City Seattle 


New York 


a an Is annealing 

fu f d 

mace transtorm crude 

cast iron mee fm into the fine 

grained (j@ metal of deLavaud pipe 

“Recheck” trademark 

! of The Cast Iron Pipe 

Research Association. 
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CLASSIFIED OF ADVERTISEMENTS. 


AIR COMPRESSORS. 
Hayes Pump and MachineryCo. ..... 
Worthington Pump & Machinery Corp. 

BOILER SETTINGS. 


BOILERS, STEAM. 


Murray Iron Works Co. xx 
BRASS GOODS. 
(See also Pipe, Brass.) ‘ 
CALKING MACHINERY AND TOOLS. 4A 


Mueller 

CAST IRON PIPE. (See Pipe, Cast Iron.) 
CEMENT LINED PIPE. (See Pipe, Cement Lined.) 


CHEMICAL FEED APPARATUS. 


CHLORINATORS. 


xxiii 
CLEANING WATER MAINS. 


COCKS, CURB AND — 


& 
The A. P. Mig. Co. 
Union Water Meter go 


CONCRETE PIPE. 
(See Pipe, Concrete.) 


CONDENSERS. 


Hayes Pump and Machinery Co. 
Worthington Pump & Machinery Corp. eee 


viii 
EQUIPMENT. 
iii 
xxx 


CURB BOXES. 


CURB AND VALVE 


PUMP. 
Edson Mfg. Co 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS ( Continued). 
ENGINEERS — Continued 


Ss. 
(See Pumps and Pumping Engines.) 
ERECTORS, WATER WORKS AND POWER MACE. 
Hayes Pump Machinery Co. is 
Massur, F. A., Co. 
Starkweather & Broadhurst... ee 
Turbine Equipment Co. 


FEED WATER HEATERS. 


] 
he: 
Worthington Pump & Machinery Corp. 
FILTER RATE CONTROLLERS AND GAGES. 
(See Rate Controllers.) 
FILTERS AND WATER SOFTENING PLANTS. 
Ross Valve Mfg. Co... . . 
FILTRATION PLANT EQUIPMENT. 
Buiiders Iron Toney 
Ross Valve Mfg. Co... . 
Wallace & Tiernan Co., Inc. 
FLEXIBLE JOINTS: 
U. 8. Cast Iron Pipe and Foundry Co. 
ETC. 
Mueller Co 


The Leadite Co. . . : 
GAGES SURFACE, RESERVOIR AND SPECIAL — WORKS. 
GAS ENGINES. 
Worthington Pump & Machinery Corp. 
GATE VALVES. Valves.) 
GRIP PIPE FITTING 
Ware Coupling & Nipple 
HOSE, SUCTION AND CONDUCTION, 
HYDRANTS, 
Chapman Valve Mfg. Co. 
Eddy Valve Co...... 
Kennedy Valve Mig. Co.“ Newtype” 
Kenn ve 
Renssel: 


HYDRANTS, 5 SPRINKLING AND FLUSHING. 


OF MATERIALS. 
Conard, William R. .... 


‘National-Boston Lead Co. 


LEAD 

(See Pi ipe, Lead.) 
LEAD WOO 

National-Boston Lead Co. 
LEAK FINDERS. 

LIQUID CHLOR 
(See Chlorine, INFiquid.) 
RS, WATER AND OIL. 
J Mfg. Co. 


Hersey Mfg. Co. . 
National Meter Co. 
Neptune Meter Co. 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued). 
METERS — Continued 


Simplex Valve & Meter Co. ... 2 eee eee 


Worthington Pump and Machinery Corp... .. - 
METER COUPLINGS. 
METERS, (VENTURI TYPE). 
Builders Iron Foundry .... 


METER BOXES. 
Clar 


METER TESTERS. 
OIL ENGINES, DIESEL. 
PIPE, BRASS. 
Copper & Brass Research Association ..... eee eee eee 
PIPE, CAST IRON (AND FITTINGS). 


D. Cast Tron Pipe and Foundry Co... 
PIPE, LINED. 


PIPE, CONCRETE. 
Facing front cover 


Lock Joint Pipe Co. ....... 
PIPE COVERING — WOODEN FOR STEAM PIPING. 

PIPE MACHINES. 

PIPE MATERIAL. 

PIPE, LEAD. 

PIPE, LEAD LINED. 

PIPE, TIN LINED. 

PIPE, UNIVERSAL. 

PIPE, WOOD. 

PIPE, WROUGHT IRON AND STEEL. 

PITOMETERS. 


Union Water M Sere 

PROVERS, WATER. 
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CLASSIFIED DIRECTORY OF ADVERTISEMENTS (Continued). 


PUMPS AND PUMPING ENGINES. 


RATE CONTROLLERS. 


ix 
xii 

SERVICE CLAMPS, GALVANIZED. 
xxxi 


SLEEVES AND VALVES, TAPPING. 


STACKS. 


SULPHATE OF ALUMINA. (See Alum.) 
SUPPLIES AND TOOLS. 


Caldwell, George A..Co. eee 


TANK PAINT. 


TANKS, STEEL. 
TAPPING MACHINES. 
Hays Mfg.Co. ..... 
Mueller 
The A. P. Smith Mig. Co. 


TAPPING SLEEVES. (See Sleeves and Valves, Tapping.) 
UNIVERSAL PIPE. (See Pipe, Universal.) 


VALVE BOXES. 
Clark, H. 


VALVE INSERTING MACHINES. 
VALVE SPECIALTIES. 
VALVES, GATE. 


Chapman Valve Mfg.Co. ......++-+- 

VALVES, REGULATING. 


WATER WASTE DETECTION. 


WOOD PIPE. (See Pipe, Wood.) 
WROUGHT IRON PIPE. (See Pipe, Wrought Iron and Steel.) 
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PARADGN DRY FEED Ci 


N-17sm. 


here are over 5 © 


PARADON 
~~ dry feed . 
CHLORINATORS 


IN SERVICE 


Over 5 years ago the first Par- 
adon Dry Feed Chlorinator 
was installed. It is still func- 
tioning perfectly, and so are 
over 500 other PARADON 
Dry Feed Chlorinators — and 
they are operating on practi- 
cally every type water supply, 
sewage plant and swimming 
pool. 


The Dry Feed Chlorinator 
is simpler, easier to install and 
more economical to operate. 
The number of parts are 
approximately one-third that 
of any other type. Water, 
power, freezing, drains, pip- 
ing, injector, and as many 
other items are eliminated. 


Bulletin No. 21 recently is- 
sued describes the Paradon 
line of Dry Feed Chlorinators 
in detail. It’s yours for the 
asking. 


PARADON MFG.CO. 
Arlington, N. J. 


Gity and Private Water and Sewage Syste. 
Industrial Plants and Swimming 


Bulletin No. 20 recently issued describes the 
Paradon Chlorinizer for small water supplies. 
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ALORINATOR CHLORINATORS 
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: 


The Journal of the 
New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, together with 
reports of the discussions. Many of the contributions are from writers of the highest 
standing in their profession. It affords a convenient medium for the interchange of 
information and experience between the members, who are so widely separated as to 
find frequent meetings an impossibility. Its success has more than met the expectation 
of its projectors; there is a large and increasing demand for its issues, and every addition 
to its subscription list is a material aid in extending its field of usefulness. ALL MEMBERS 
OF THE ASSOCIATION RECEIVE THE JOURNAL IN PART RETURN FOR THEIR ANNUAL DUES: 
to all others the subscription is four dollars per annum. 


“TO ADVERTISERS 


Tse attention of parties dealing in goods used by Water Departments is called to the 
or THe New ENGLAND Warer Works Association as an advertising 


Its subscribers include the principal Warmer Works ENncinwnrs and ConTracrors 
in the United States. The paid circulation is 9O@ corizs. 
Being filled with original matter of the greatest interest to Water Works officials, 
’ it is PRESERVED and constantly REFERRED TO BY THEM, and advertisers are 
thus more certain to REACH BUYERS than by any other means. 
The Jovrnat is not published as a means of revenue, advertisements being inserted 
solely to help meet the large expense of publication. 


ADVERTISING RATES. 


One page, one year; fourinsertions . . ‘ Eighty Dollars, 
One-half page, one year, four insertions . Fifty-six Dollars 
One-fourth page, one year, four insertions e S Thirty-six Dollars 
One-twelfth page (card), one year, four insertions Twelve Dollars. 
One page, single insertion . . . Forty Dollars. 
One-half page, single insertion . Thirty Dollars 
One-fourth page, single insertion é Twenty Dollars. 


Sise of page, 44 x 74 net. 
A sample copy will be sent on application. 
For further information, address, 
| GORDON M. FAIR, Editor, 
112 Preece Hat, 


Harvarp Univensiry, 
Camprinaz, Mass. 
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on 
Gye Bort Hill 
SOSTOM, 


MICHIGAN 


COMBINATION STEEL ann WOOD 


WATER PIPE 


12 000 feet — 18-inch Wood at Athol, Mass. 


Michigan Pipe Company, 
MORRISON EQUIPMENT CO., 1740 East Twelfth St., Cleveland, 
SNODGRASS 2 CO., 323 Fulton Building, Pittsburgh, Penn. 
BROWN, WILSON 2 CO., 1600 Arch St., Philadelphia, Penn. 
WYCKOFF PIPE 2 CREO. CO., 522 Fifth Ave., New York 


MINOT S. KAHURL 


Eastern Saies Manager 
ROOM 1121, OLIVER BUILDING 
141 MILK STREET. - BOSTON, MASS. 
Telephone: Hancock 4419 
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